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INTRODUCTION 
\\!hen a pathogen first invades an animal population, 
some of the animals will escape infection, some 'will sur­
vive infections of varying severity, and some will die. 
This variation in response to infectious diseases is one 
of the most fascinating problems in immunology. 
The innate ability to withstand disease is termed nat­
ural immunity. It is important not only when the host is 
first exposed to an infectious agent, but also in subsequent 
exposures. Experimental work has demonstrated that after 
many typhoid inoculations, innately resistant mice reach a 
higher level of acquired irnmtmity than do those innately 
susceptible. 
The biologist who seeks the basis of natural immunity 
compares physiological defense mechanisms in animals of known 
resistance. His ultimate aim is to utilize this knowledge 
to maintain the susceptible animal. 
The purpose of this investigation was to determine the 
relationship between the serum proteins and natural immunity 
to Eiouse typhoid. The seven inbred mouse strains used in this 
study were chosen for their wide range in natural resistance 
to Salmonella typhlmurium. Electrophoretic analyses were 
made of the sera of both normal and infected mice to determine 
whether strain differences were correlated with resistance. 
Additional data on plasma volume, body Vi?eight, spleen weight. 
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and number of circulating leukocytes were utilized to 
evaluate the physiological significance of the serum protein 
changes. 
Certain observations suggested that adrenal hormones 
might contribute to the pathological alterations and might 
even be a basis for natural resistance. In a study of 
these same mouse strains, other investigators had established 
that resistance to Salmonella typhiniurium was associated with 
high leukocyte counts. Increased excretion of 17-ketoster-
oids, depletion of adrenal ascorbic acid, hyperglycemia, 
lymphopenia, eosinopenia, and neutrophilia are all known 
to be characteristic of both gluco-corticoid administration 
Salmonella infections. For this reason, the effects of 
cortisone on serum proteins, leukocytes, and mortality in 
mouse typhoid were compared in resistant and susceptible 
mice. 
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REVIEW OF LITEHATmS 
Natural Inmunity 
Characiteristies of natural immunity 
The first demonstration that heredity may determine 
natural resistance to infections in maBuaals was made by 
Tyzsser (1917). He reported that the laboratory mouse was 
more resistant to Bacillus piliformis infections than was 
the wild Asian mouse. Webster (1933) tested nine strains of 
mice for resistance to Salmonella eateriditis. From a random 
bred strain he selected resistant and susceptible lines. 
Selection was accomplished by progeny testing and by breeding 
only from animals which had not been inoculated. Many 
investigators have since selected resistant animal strains 
and studied the genetics of disease resistance. Their work 
has been extensively reviewed by Gowen (194^). 
Heredity may also play a part in acquired resistance to 
microorganisms. Gorer and Schutze (193^) found that innately 
resistant mice attained a higher level of acquired immunity 
Salmonella infections. This was confirmed by Gowen (1951) 
in mouse typhoid immunization studies on six of the mouse 
strains used in the present investigation. 
Innate resistance to one pathogen may be independent 
of resistance to others. Gowen and Schott (reviewed by Gowen 
1934) demonstrated that mouse typhoid resistance was inde­
pendent of resistance to pseudorabies virus and to ricin. 
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Schut25e et al. (1936) reported a high correlation of resist­
ance to Salmonella typhimurium and Salmonella enteriditis in 
four inbred mouse strains, Webster (1933) had previously 
shown innate imrrsunity to S. enteriditis to be closely associ­
ated with Pasteurella aviclda resistance and moderately 
correlated with Klebsiella pneumoniae and pnemococcus resist­
ance. These facts suggest that natural resistance to 
S, typhimurium. S. enteriditis. P. aviclda. K. pneumoniae and 
the pneumococcus may be based upon a common defense mecha­
nism. 
Exclusion of acquired immunity 
Every investigation of natural resistance must meet one 
challenge. How can one exclude the possibility that the 
"innately" resistant strain benefits from an acquired 
imiriunity? A sub-clinical infection, passed from one gener­
ation to the next, would allow antibodies to be immediately 
rallied to combat the experimental inoculation of the path­
ogen, The most common means of refuting this is the testing 
of reciprocal crosses. If a latent infection were present 
in the resistant stock, it would be reasonable to expect the 
hybrid progeny of resistant females to have greater immunity 
than the progeny of resistant males. Hetzer (1937) found no 
such difference in testing hybrids of three strains used in 
this study. 
The most critical test of a genetic basis for mouse 
typhoid immunity was that made by Gowen and Schott (1933). 
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Both suseeptlble and resistant i&ales were mated to suscep­
tible females in the same estrus period. The progeny could 
be distinguished by coat color. Thus, pure susceptible mice 
and resistant hybrids shared the same environment from concep­
tion. They responded to the test dose of typhoid bacteria 
according to genotype rather than previous environment. 
Physiological basis for natural iimunity 
In the classic anthrax experifflents, Pasteur et §1* (1^7^) 
demonstrated that the species immunity of the fowl could be 
attributed to high body temperature. The first mechanism 
for resistance within a species was reported by Rich (1923). 
He found that susceptibility to Salmonella cholerasuis in 
guinea pigs was due to a single recessive gene which resulted 
in lack of complement. In a study of Salmonella enteriditis 
infection, Irwin and Hughes (1933) reported that the whole 
blood of resistant rats had greater bactericidal power. A 
similar discovery was made by Gorer and SchHtze {193^) in 
studies on mouse blood. 
Ackert (1942) demonstrated that helminth resistance in 
the fowl was the result of a themostable, duodenal mucous 
substance. In a study of Salmonella gallinarum infection. 
Bell (1949) reported normal resistant chicks to have higher 
body temperatures than susceptible chicks. Koweyer, Weir 
(1947) found mouse typhoid resistance to have no correlation 
with body temperature in either normal or infected animals. 
Hill at (1940) inoculated mice with a partially 
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purified toxin isolated from Salmonella typhimurim and 
inbred the survivors. This strain was more resistant to the 
toxin, but proved more susceptible to the living pathogen 
than the unselected stock. 
A hormonal mechanism has been implicated as the basis 
for natural resistance to tuberculosis. Lurie (1941) com­
pared the pathological changes in innately resistant and 
susceptible rabbits after they were exposed to inhalation of 
tubercle bacilli. In resistant rabbits, the bacilli were 
localized in the lung. In susceptible animals, the bacilli 
were disseminated through the lymphatic and vascular systems. 
In some rabbit families, there was a parallel between the 
rate of spread of bacilli and of India ink in the connective 
tissue. 
Lurie ^  al. (1949) reported that this spreading phenom­
enon could be enhanced by either chorionic gonadotropin or 
progesterone. It was suppressed by estrogen. These workers 
concluded that the estrogen did not act by suppression of 
hyaluronidase. This enzyme actually had greater effect in 
estrogen-treated animals due to the increased turgor of the 
connective tissue. The protective effects of estrogen were 
attributed to its action in reducing the vascular permeabil­
ity. It is possible that this action of estrogen is mediated 
by the adrenal glands. Estrogen reduced the numbers of 
circulating lymphocytes in the blood and decreased the ascor­
bic acid content of the adrenal cortex. 
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Lmri« ft (1951) found that cortisono also diminished 
the dissenination of tubercle bacilli. Because of the in­
creased phagocytic action of the reticulo-endothelial cells 
and the decreased capillary permeability ia the cortisone-
treated anifflals, the bacilli were localized in many small 
tubercles and were unable to reach the lymph nodes. 
Estrogen and cortisone were thus seen to retard the 
progress of tuberculosis in rabbits. These two corticoids, 
when administered to innately susceptible rabbits, induced 
the infection response characteristic of resistant rabbits. 
Because the hypertrophy of the adrenal glands was greatest 
in the resistant animals, increased adrenal activity may be 
a mechanism of natural resistance to tuberculosis* 
Sereral investigations have indicated that the polymorph­
onuclear leukocytes play a role in natural immunity• In a 
study of six inbred strains of rats, Reich and Dunning (1941) 
found that general resistance - and consequently, 
longevity - were correlated with higher neutrophil counts. 
In fowl typhoid studies. Bell (1949) reported that there was 
no significant difference between phagocytosis rates in re­
sistant and susceptible chicks. However, those bacteria in­
gested vitro by the neutrophils of the resistant chicks 
were digested more rapidly. 
Other studies have implicated the lymphocyte as a factor 
in natural immunity, Severens et e^, (1944) found resistance 
of fowl to Salmonella pullorum to be associated with high 
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leukocyte levels and large spleens. After splenectomy or 
reduction of lymphocytes by irradiation, pullorum resistance 
was lowered, Qowen and Calhoun (1943) demonstrated a high 
correlation between mouse typhoid resistance and leukocyte 
levels in six of the strains used in this investigation. 
Although natural imaiunity was not associated with the rela­
tive composition of any one kind of leukocyte, it was corre­
lated with the absolute numbers of lymphocytes in the blood. 
No similar relationship was evident for the other leukocytes. 
This suggests that the lymphocyte may be of key importance 
in Hjouse typhoid. 
The low lymphocyte counts found in susceptible strains 
by Gowen and Calhoun may be interpreted in several ways. 
Taliaferro (1949) suggested that they may be an indication 
of an ever-present deficiency in mesenchymal reserves. On 
the other hand, it is possible that the susceptible strains 
have a more active endocrine response to the stress of 
handling during blood counts. For this reason, the effects 
of pituitary-adrenal stimulation upon lymphocytes will be 
discussed in subsequent sections. 
Pathology of Mouse Typhoid 
Other clues to the basis for natural resistance may be 
found by studying the physiological chang®s xn the diseased 
animal. Cameron et al. (1940) injected into rats and mice an 
endotoxin extracted from Salmonella typhimurium. They 
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observed conjestion of the portal vessels, disappearance of 
liver glycogen and focal hepatic and lymphatic necrosis. 
They concluded that the pathologic changes of momse typhoid 
were toxic in origin# 
Kun and Abood (1949) studied glycogen synthesis in the 
presence of endotoxins extracted from S. typhinmrlmn. They 
concluded from experiments in vitro that the decreased 
glycogen formation was due to inhibition of pyruvate 
oxidation. 
Delafield (1931) injected heat- and chloroform-killed 
suspensions of S, typhimurium into rabbits. He observed a 
hyperglycemia which was maximum two hours after inoculation 
and which was followed by a hypoglycemia twenty-four hours 
later. Delafield emphasized the similarity of this response 
to that noted after administration of adrenaline. 
Weir (1947) compared body temperatures of four of the 
strains observed in this investigation. During S. typhimur­
ium infection, all mice had a slight fever until shortly 
before death when their body temperatures fell below control 
levels. Strain differences were not evident. 
Oakberg (1946) observed six of the mouse strains used in 
this investigation and reported that during mouse typhoid, 
the susceptible strains developed a more extensive splenic 
necrosis. On the other hand, resistant strains showed a 
more severe liver necrosis. 
The most detailed descriptions of the liver, spleen. 
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bone marrow and blood of mice infected with S. typhimurium 
are presented in the studies of Seiffert et al. (192S) 
Host and pathogen wre so balanced that death always occured 
five to seven days after inoculation. By the fourth day of 
the infection, isolated bacilli if^ere seen in the liver and 
the fixed macrophages contained bacilli and erythrocytes. 
The raarked increase in spleen size was attributed to 
hyperemia, myelocytic metaplasia and increase in the red 
pulp. The lymphatic tissue actually diminished. The 
lymphocytes showed signs of toxic damage and mature forms 
disappeared. 
No change in the bone marrow was evident the first day 
of infection. By the fourth day, however, the marrow was 
hyperemic and the predominating cells were myelocytes and 
promyelocytes. Stab nuclears were rare and segmented forms 
were absent. These changes in the bone marrow had a delayed 
expression in the blood. 
A peripheral neutrophilia, eosinopenia and lymphopenia 
were also observed by Seiffert and his coworkers. They 
recognized individual differences in resistance and reported 
that the lymphocytes disappeared more rapidly in the 
susceptible mice (p. 213): 
Die relativen Zahlen der Lymphozyten fallen, die 
der Neutrophilen wachsen. Zwischen 3. und 5. Tag 
krguzen sich^^diese zwei Kurven. Die Kreuzung tritt 
fruher bei kurzerer Krankheitsdauer ein. 
This dissolution of lymphatic tissue observed in mouse 
typhoid may be associated with the concurrent rise in serum 
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globulin reported by Thompson (1951)• For this reason, the 
evidence for globulin release from lymphocytes under the 
influence of adrenal hormones will be presented later. 
Leukocytes 
Functions 
The disputed functions and interrelations of the 
leukocytes have been reviewed by Vintrobe {1951). The 
functions of the leukocytes stated below are substantiated 
in this review. 
The phagocytic activities of the neutrophils have been 
recognized since the classic work of Metchnikoff (1905). 
Although monocytes and macrophages are not as active in 
ingesting most microorganisms, they dispose of cellular 
debris. These cells have a high lipase content which may 
explain the phagocytic response of the monocyte to the genus 
Mycobacterium. 
The basophils and the analogous non-circulating cells, 
the mast cells, have been implicated as the source of 
heparin. The eosinophils are thought to be active in de-
toxication because they increase in anaphylaxis and accuialate 
around animal parasites. 
A similar function, the destruction of toxic products of 
protein metabolism, has been attributed to lymphocytes 
because of their high adenosinase content. Also, the lympho­
cytes and their relatives, the plasma cells, have been sug­
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gested as the site of antibody synthesis. This function 
will be reviewed in detail in a later section. 
Life span 
Early meastirements of the life span of the leiikocytes 
yielded values ranging from twelve days to 30 minutes for 
the myelocyte and from one day to several hours for the 
lymphocyte. These values were obtained by observing the 
time required for replacement of cells destroyed by benzol 
or irradiation. Many estimates were based on the assumption 
that cells from homogenous transfusions had normal life 
spans. 
Release of leukocyte stores frora spleen and bone marrow 
could also explain these relatively small values. Kline and 
Cliffton C1952) measured the change in specific activity of 
DNA-p32 in human leukocytes in vivo. They estimated thirteen 
days to be the life span of the "average leukocyte". 
One of the most critical studies of the life cycle of the 
lymphocyte was made by Farr (1951). Lyraph nodes were minced 
in tyrode solution which contained a fluorescent nuclear 
stain, a diaminoacridine. At the concentration used, this 
dye did not inhibit the activity of the lymphocyte in vitro 
nor did it stain the tissue cells when injected into rabbits. 
The labeled lymphocytes were injected into the same 
rabbit from -which they were taken. Altho\igh there was no 
significant change in the total number of circulating 
lymphocytes, the labeled cells disappeared in ninety minutes. 
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After two hours, fluorescent nuclei were observed in both 
lymphatic tissue and bone marrow. After twelve hours, these 
labeled lymphocytes were still abundant in lymphatic tissue 
and a few were present in the intestinal wall. Those lym­
phocytes xfhich had entered the bone marrow had differentiated 
into myelocytes. Some of these labeled myelocytes had 
elongate nuclei and cytoplasmic granules. 
When labeled guinea pig lymphocytes were injected into 
rabbits, the fluorescent nuclei were not seen in either bone 
marrow or lymph nodes. This fact excludes the passive trans­
fer of dye. It also suggests that labeled lymphocytes behave 
normally in autogenous transfusions. These experiments by 
Farr provide direct evidence for the multipotentiality of the 
mononuclear leukocytes. 
Sesponse to inflaBHiiation 
The inflamrriatory process has been reviewed by Kenkin 
(1950, 1951) and the following discussion is condensed from 
his experiments. The inflammatory reaction is first charac­
terized by local increase in capillary permeability. This 
may be demonstrated by the accumulation of a colloid dye such 
as trypan blue at the site of inflammation. In order to 
drain off this excess fluid, the lymph flow increases. 
The infectious agent is then localized when the lymphat­
ics become blockaded with plugs of fibrin. This may be 
demonstrated by the localization of injected trypan blue. 
The isolation of the inflammatory site from the circulation 
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results in anoxia, anaerobic glycolysis and an increased 
acidity. The gradual increase in hydrogen ion is accompanied 
by a shift in the leukocyte population. The neutrophils are 
present in the period of acute inflaiM&ation. They are de­
stroyed when the pH falls below neutrality; then lymphocytes 
and macrophages take their place. 
Menkin observed that histamine, in the concentration 
found in inflammatory exudates, could not increase the cap­
illary permeability. He then isolated a polypeptide which 
proved to be the permeability factor. Because this factor 
increased the diapedesis of leukocytes, it was termed 
leukotaxine. 
Cortisone abolishes the increase in capillary permeability 
induced by leukotaxine. Nevertheless, this hormone does not 
suppress the increased permeability observed late in infec­
tions. This is due to the fact that acid exudates contain 
another permeability factor, exudin. which is not sensitive 
to cortisone. 
Leukocytosis associated with inflammation may be due to 
a thermolabile pseudoglobulin, the leukocytosls-promoting 
factor. When leukopenia accompanies inflammation, it may be 
attributed to a theromolabile euglobulin, leukopenin. All 
these factors were isolated by Menkin from inflaimnatory 
exudates. 
Response to histamine and adrenal hormones 
Using the technique of intra-arterial catheterization in 
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th@ human, Bierman al. C1951) demonstrated a granuloeytic 
leukopenia in the arterial blood within thirty seconds after 
histamine administration. Leukopenia was not observed in the 
venous circulation until two minutes later. This indicated 
that the lungs may trap leukocytes during anaphylaxis. 
With the same technique, Bieraan et al. (1952) determined 
the effect of epinephrine on blood going to and from the 
lungs. Leukocytes and platelets were released from the pul­
monary circulation iamediately after injection of epineph­
rine. the leukocytosis first was attributed to granulocytes, 
then to lymphocytes. This action would aeem to supplement 
the better known splenic contraction in response to this 
hormone. The experiments of Weisberger et $1. (1951) cor­
roborated this selective action of the lungs in removing 
lymphocytes. They injected rats with P^^-labeled lympho­
cytes and found that the lung© removed homogenous lynphocytes 
more actively than the spleen. 
Stein et ml. {1951I found that epinephrine produced a 
neutrophilia in intact, adrenalectomissed, and splenectomized 
animals. This they interpreted to oean that epinephrine acts 
directly on the bone marrow. They did not, however, exclude 
the release of leukocytes fro® the lungs. These workers 
reported that epinephrine produced a lymphopenia and 
eosinopenia in normal mice but not in adrenalectoaized nice. 
This indicated that epinephrine-induced eosinopenia was 
mediated through a hormone of the adrenal cortex. 
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Last £t (1950) reported two types of eosinopenic 
responses. Infusion of histaEiine resulted in an immediate 
eosinopenia in the dog. Epinephrine infusions produced a 
delayed eosinopenia vihich reached a maxiraura in four hours. 
This delayed response is similar to that caused by cortisone. 
Any stress upon an animal which might effect the adrenal 
cortex or medulla could thus be expected to produce eosino­
penia, lymphpenia, and neutrophilia. Hubler et al. (1952) 
reported that immobilization of rats in a plastic cage for 
the purpose of collecting blood samples resulted in 
neutrophilia, lymphopenia and eosinopenia. The lymphocytes 
dropped to of their initial values within one hour. 
After exposure to microwave diathermy for one hour, 
these rats were observed to have a more profound eosinopenia 
and lymphopenia. These responses were abolished by adren­
alectomy. It is apparent that the effect of artificial 
fever on the leukocytes was mediated by the adrenals. The 
effect of cortisone, a hormone produced by the adrenal 
cortex, is discussed in detail in a later section. 
Plasma Proteins 
Site of formation 
A lymphopenic response to adrenal hormones, fever and 
other non-specific stresses would be an important factor in 
infection if the lymphocytes were to release antibodies 
upon dissolution. The disputed evidence for immune globulin 
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production in lymphatic tissue has been reviewed by Taliaferro 
(1949). 
The earlier literature contained many examples of lowered 
immunity as a result of spleen extirpation. The first demon­
stration that lymph nodes synthesized antibodies was presented 
by McMaster and Hudack (1935). This work was extended by 
Harris and Harris (1950). They injected Shigella suspensions 
into one foot pad of each of nine rabbits and reported that 
the mean antibody content of the homolateral popliteal lymph 
node was ten times that of the opposite node. 
Williamson (1950) reported that the medium sized lympho­
cytes continuously shed cytoplasmic buds into the lymph. 
White and Dougherty (1946) injected adrenotrophin into 
rabbits and mice and found that, as a result, the lympho­
cytes shed their cytoplasm, releasing globulin into the serum. 
Because this lymphatic dissolution resulted in higher agglu­
tinin titres, it was interpreted to be a defense mechanism. 
White and Dougherty made electrophoretic analyses of 
lymph node extracts and reported the prescenee of beta and 
gamma globulin. Kass (1945) also demonstrated the prescence 
of gamma globulin in lymphocytes. Roberts and White {1949a) 
found alpha and beta globulins to be the most abundant 
proteins in lymphatic tissue. 
Keuning and Van Der Slikke (1950) made tissue cultures 
of the spleens of rabbits injected with paratyphoid vaccine. 
They found the large immature lymphoid cells capable of 
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synthesizing antibody. They concluded that antibodies were 
first produced by the plasma cells of the red pulp. 
The experiments described above implicate the lymphatic 
tissue as the site of globulin synthesis. It is generally 
accepted that prothrombin, fibrinogen, and albumin are 
synthesized by the liver. Evidence for this has been re­
viewed by Madden and Whipple (1940). 
The earlier work of Whipple and his associates demon­
strated that plasma proteins immediately decreased when the 
liver was damaged or extirpated. However, this may have 
been the result of such secondary effects as loss of glycogen 
and labile protein stores. Tarver (1951) has reviewed ex­
periments in which he and his coworkers measured the rate of 
incorporation of methionine-S^5 into the tissue proteins of 
normal and hepatectomized dogs. The incorporation rates 
were the same for all tissues except the blood. The radio­
active sulphur was introduced into the seruuH albumin of 
hepatectomized dogs at one twentieth the control rate and 
into globulin at one seventh the control rate. This implies 
that the liver has a more direct role in the synthesis of 
serum albumin than in the synthesis of globulin. 
Metabolism 
Roberts and White (1949b) incubated a minced preparation 
of rat liver in the serum of the same animal. Albumin disap­
peared from the serum and alpha globulin increased. This 
suggests that, in the liver, albumin amino acids may either 
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enter directly into globulin or provide the energy for its 
synthesis* 
Tsrver (1951) has reviewed evidence for the presence 
of two types of protein in the body. The proteins of nuscle, 
heart and brain are relatively stable and exchange slowly 
with the nitrogen pool. The proteins of the liver, kidney, 
pancreas and plasma have shorter half-lives and are quickly 
regenerated from the nitrogen pool. The quantity of this 
labile protein in the body is proportional to the protein 
intake. It is this protein which responds to hormones, 
trauma and infection. The carcass protein is not catabolized 
until the labile protein is severely depleted. 
Measurements of the half-life of plasma protein were 
also reviewed by Tarver. These values were based on the 
metabolism of s35.iabeled protein from homogenous trans­
fusions. It is probable that this protein was handled in 
the same manner as autogenous protein. Because antibody-S^^ 
was metabolized so slowly, it was assumed that all labeled 
homogenous proteins were exempt from selective destruction 
as "foreign" proteins. 
The data summarized by Tarver indicated the half-life 
of albumin to be twice that of globulin. Values given for 
the half-life of plasma protein in the rat ranged from two 
to four days. Although no values were given for the mouse, 
one might expect its rate of protein turnover to be as great 
or greater than that of the rat. There is a trend toward 
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shorter protein half-lives in smaller animals. Fmrthermore, 
Tarver has reviewed evidence that small animals have high 
metabolic rates. Vsing its basal heat prodmetion and 
specific endogenous metabolism as indices, one finds that 
the mouse has a metabolic rate three times as great as that 
of the rat, fifteen times as great as that of the pig. 
Functions 
The fimctions of the plasma proteins have been reviewed 
by Ctreenberg (1951). Although all the proteins have osmotic 
activity, albumin has the greatest effect in maintaining the 
plasma volume, fhis is due to the fact that serum albumin 
has about half the molecular weight of the average globulin 
and carries a higher negative charge, fhis protein has an 
affinity for fatty acids, sulfonamides and many other 
substsnces. 
The globulins also aid in the transport of smaller 
molecules in the blood. Sholesterol, phospholipids, bile 
pigments, plasma irt>n and steroid honaones all from complexes 
with the alpha and beta globulins. Protection against 
invading microorganisms is provided by the plasma antibodies 
which are modified globulins - chiefly ga^aa globulins. 
Fibrinogen prevents excessive blood loss and also aids in 
walling off areas of inflammation. All the plasma proteins 
function as a reserve store of amino acids during starvation. 
ghanices in disease 
A negative nitrogen balance is usually associated with 
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Infectious diseases. Several mechanisms have been suggested 
to explain this increased protein eatabolism* **f03cie 
destruction" of protein was suggested as an explanation of 
the protein catabolism observed in typhoid fever, this 
concept has been discarded because it is now known that an 
oven greater protein disequilibrium is observed after trauma. 
The "anti-anabolism" mechanism has been abandoned because it 
is known that nitrogen balance may be restored during infec­
tion by a high-protein intake. It is probable that in 
diseased states, the catabolic rate merely increases in 
relation to the anabolic rate. Evidence for this current 
concept was reviewed by Pollack and Halpem (1951) • 
Chow (1946} made electrophoretic studies of dog serum 
and found that during protein depletion albumin decreased 
but alpha globulin remained nonsal or increased. Pollack 
and Halpem reviewed evidence that serum albumin decrease 
was observed only in animals fflaintained on high protein 
intake. This was explained by the f&ct that only the labile 
protein stores contribute to the negative nitrogen balance 
of disease. The body will always conserve the plasma protein 
at the expense of other labile stores. Patients who had lost 
one-fourth their body weight as a result of starvation were 
found to have plasma protein levels within the nomal range. 
Lewis (1950) reviewed the varations in electrophoretic 
patterns associated with many diseases. The most consistent 
patterns were those found in nephrosis and multiple myeloma. 
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Hephrotie senxoi eontained & large beta globmXln eomponexit. 
Albuiiin was veri* low dme to the loss of this protein in the 
urine. An inereased globulin eoneentration was found in 
multiple myeloma and plasmaeytic leukemias* fhis eonfirmed 
the lymphatie source of serum globulin. 
§jessing ft al, (1947) made eleetrophoretic analyses of 
the plasma of dogs which had been injured by bums and 
vessicants. They reported an increase in alpha and beta 
globulins and the appearance of a new alpha globulin. 
Jeskey and Morrison (1947) reviewed many cases of inereased 
alpha globulin in febrile diseases. However» they found no 
change in the electrophoretic patterns of patients subjected 
to diathermy treatments. 
Henriques gt al. (1950) reported that the increase in 
fibrinogen caused by trauma in the normal rat was diminished 
by adrenalectomy and restored by adrenal cortical extract. 
They concluded that the fibrinogen increase after epinephrine 
injections was also mediated by the cortez. 
Additional evidence that plasma globulins increased 
during stress due to stimulation of the adrenals was 
presented by Lewis and Page (1949)* They found that adrenal 
cortical extracts aupiented the gamma globulin rise in response 
to typhoid vaccine injections in adrenalectomized rats. The 
endocrine control of the plasma proteins is discussed further 
in the following section* 
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aesponac to pituitary and adreaal hormonea 
Pollack and Halpern (1951) have reviewed the endocrine 
control of protein metabolism, fhey stated that the growth 
hormone of the pituitary increases protein anabolism. This 
hormone spares the nitrogen pool by accelerating fat uti­
lization. Gonadotropic hormones also have an anabolic effect 
on proteins. Their actions are mediated by the steroid 
hormones of the gonadss the androgens, estrogens and 
progesterone. 
Two other pituitary hormones increase protein catabo-
lism. This effect of thyrotropin is mediated by thyroglobm-
lin, while the action of adrenocorticotrophin is mediated by 
cortisone. Baker and Miller (1951) reported that both 
hypophysectomy and adrenalectomy decreased the serum albwln 
of the dog. Cortisone administration restored this protein 
to normal. 
The clinical studies reviewed by Lewis (1950) suggested 
that serum globulin also might be influenced by the adrenal 
cortex. Increased alpha globulin was observed in eases of 
increased adrenal cortical activity resulting from pituitary 
tumors (Cushlng*8 syndrome). Conversely, a decrease In 
alpha globulin was found in Addison's disease. Another fact 
which suggested a lymphatic source of serum globulin was the 
discovery by Lewis and Page (1949) that gamma globulin in­
creased in the sera of rats treated with adrenal cortical 
extracts. Bohle et (1951) reported that Increased alpha 
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and beta globulin were evident in tbe eleetropboretic 
patterns of rats given massive doses of desoxyeortieosterone 
acetate* 7be response of the plasma proteins to cortisone 
is discussed below. 
Cortisone 
Effect on leukocytes 
Selye (1936) observed tbat when rats were exposed to 
such diverse stimuli as cold, forced exercise, trauma, and 
injections of formaldehyde or adrenaline, a single charac­
teristic response was obtained. The adrenals enlarged, 
although adrenal lipoids decreased. The thymus decreased in 
sise. The involution of the thymus did not occur in 
adrenalectomised animals. These observations suggested to 
Selye that the adrenal glands play a role in the response 
to all injuries. 
The subsequent experiments by ielye and his eo«workers 
were summarised by Selye (1950, 1951). After stress, an 
absolute eosinopenia and neutrophilia were observed. The 
circulating lymphocytes decreased but slightly, although 
histological studies indicated that many of these cells had 
disintegrated in the lymph nodes. This response was abolished 
by adrenalectomy or hypohysectomy. It was duplicated by 
administration of adrenocorticotrophic hormone. When purified 
steroids became available for experimentation, it was evident 
that the gluco-*cortieoids could restore this response in 
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adrenaleetootized animals. Quittaer al. (1951) eonfiraad 
that injections of cortisone caused eosinopenia, lymphopenia, 
and neutrophilia in the mouse. 
Many workers hare sought to discover the exact oechanisia 
of cortisone-induced leiikopenia. Finch (1951) found 
that the nuaber of eosinophils in the bone marrow of patients 
receiYing cortisone therapy remained unchanged despite a pro­
found peripheral eosinopenia. It thus seems unlikely that 
cortisone brings about an eosinopenia by suppression of the 
bone marrow. It is more pf^bable that cortisone-induced 
eosinopenia is the result of a direct cytolytic action. 
Fadawer and Gordon (1952) reported that after administration 
of either epinephrine or cortisone to rats, the number of 
eosinophilic cell fragments increased markedly in the blood. 
Selye U950) reviewed the controversy over the cytolytic 
effects of adrenal extracts. A more recent report by Feldman 
(1950} stated that while adrenal extract is cytotoxic in 
vitro, cortisone is not. If, then, cortisone doss not 
destroy lymphocytes in the circulation, it must act either 
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by (1) increasing the removal of lymphocytes or (2) de­
creasing their delivery into the blood. 
The first of these possibilities was excluded by the dis­
covery of Weisberger et al. (1951) that cortisone adminis­
tration did not increase the uptake of transfused lymphocytes 
in the rat lung. Evidence for the second alternative was 
presented by Hungerford et al. (1952). These workers found 
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that ACfH diminished the nmber of lymphocytes in the 
thoracic dmct of hypophysectomized bmt not of adrenalecto-
mised rats* This suggested that cortisone acts directly on 
the lymph nodes* Selye (1950) has reviewed investigations 
which have demonstrated that glmco-corticoids induce lym-
pholysis i^ vitro only when the lymphatic stroma is also 
present. Furthermore, cortisone inhibits the migration of 
lymphocytes but not the migration of macrophages in tissue 
culture* 
Effect on seimm proteins 
In the previous discussion, it has been pointed out 
that a rise in serum globulin is characteristic of an In­
creased secretion by the adrenal glands* Most workers have 
concluded this increase to be prisiarily the result of gluco­
corticoids* It might be expected, therefore, that the 
globulin concentration in the serum would increase after 
cortisone adminstration. 
Pierce and Bloom (1952) reported that the administra­
tion of cortisone to rabbits resulted in an increased con­
centration of cholesterol-containing lipoproteins* Ultra-
centrifuge studies revealed that the molecular size of these 
proteins also increased* 
Winter et j^.* (1950) found that cortisone injections in­
creased the gamma globulin and diminished the alpha globulin 
concentration in the serum of rats. The total serum proteins 
were not altered* These workers employed a sodium sulphate 
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fractionation procedur# which had been fomd to agree closely 
with electrophoretic analyses. 
Sluco-corticoid administration is known to result in a 
negative nitrogen balance. This increased protein catabolism 
is the cause of the hyperglycemia and increased gluconeo-
genesis induced by cortisone. 
Effect on inflaianation 
Cortisone diminishes the inflammatory reaction. It 
inhibits the foraation of granulation tissue •> the collection 
of lymphocytes, plasma cells, macrophages and fibroblasts 
which normally walls off irritants. It is for this reason 
that cortisone is effective in relieving collagen diseases 
such as rheumatoid arthritis. 
Another antiphlogistic effect of cortisone is a decrease 
in capillary permeability. In this respect, cortisone is 
antagonistic to leukotaxine. Observations on the ear chambers 
of rabbits revealed that cortisone can inhibit such inflamsE®-
tory changes as thrombus formation and adhesion of leukocytes 
to capillary endothelium. This resulted in decreased exudate 
formation and decreased diapedesis of leukocytes. 
Cortisone also diminishes the febrile response to infec­
tion. Evidence for both the antipyretic and antiphlogistic 
actions of cortisone have been reviewed by Selye (1951). 
Because of these actions, cortisone may lowar natural resist­
ance to infections. 
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Effect on dlgease resistance 
Syverton et al. (X952) reported that cortisone increased 
the mortality of mice in infections with poliomyelitis vims, 
a Goxsacki virus, Blastomyces derroatidis and Candida albicans* 
Selye (1951) has reviewed reports that cortisone lowered 
resistance to Brucella. Mycobacterium, Streptococcus and the 
pneufflococcus. thomas et al. (1951) found that streptococcus 
infections in rabbits were lethal only in those rabbits 
treated with cortisone. However, if the rabbits had previ­
ously been immunized, cortisone did not increase mortality. 
This suggested that cortisone did not interfere with the 
immune response. 
Lurie al. (1951) found that during tuberculosis 
infections, cortisone^treated rabbits developed smaller, 
more numerous tubercles than did the controls, fhis is the 
only extensive study in which cortisone treatment was 
reported to increase resistance of normal (i.e. non-adrenal-
ectomized) animals. Delaunay and Lebrun (1951) reported 
that cortisone administration protected intact mice from 
typhoid endotoxin, but their study was based on only twelve 
treated animals. 
Sole of the Adrenal Cortex in Salmonella Infections 
Mediation of leukocyte response to endotoxins 
It is evident that cortisone is similar to mouse typhoid 
infections in its effect upon leukocytes and serum proteins. 
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Sayers and Sayers (1947) raported that dmrlng typhoid favtr 
there was a decrease in adrenal lipids and ascorbic acid, 
which indicated an increased discharge of corticoids. Many 
investigators hare therefore attempted to determine whether 
the lymphopenia, eosinopenia and neutrophilia prodmced by 
Salmonella typhosa endotoxins are mediated by the adrenal 
cortex. 
Lewis and Page (194^) reported that the adrenal cortex 
was not essential to typhoid-induced lymphopenia. They 
maintained one group of adrenalectomized rats on saline 
drinking water and another group on injections of Compound A 
or adrenal extract. After intraperitoneal injection of 
typhoid vaccine, the fall in lymphocytes was somewhat greater 
in the saline-maintained rats. On the other hand, the neu­
trophilia was significantly greater in the horaione-maintained 
rats. 
This experiment indicated that the adrenal glands played 
no part in typhoid leukopenia. One must note, however, 
certain irregularities. Those adrenalectomised rats which 
were maintained on saline died within three to six hours after 
the injection of typhoid vaccine. Some were moribund at the 
time of bleeding. The quantity of Compound A given to the 
other group was so small that it did not elicit a fall in 
lymphocytes when administered without vaccine. Because the 
eosinophils were found to increase after typhoid injection, 
it is doubtful that this experiment even approximated the 
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response to a Salmonella Infection. 
Soylemezoglu and Wells (1951) performed a similar ex­
periment on dogs. They found that the leukocyte response to 
certain bacterial polysaccharides was similar to that induced 
by AGTH. Adrenalectomy abolished the response to ACTH but 
not that to the pyrogens. However, it was evident that the 
pyrogen-induced leukopenia was greater in animals with intact 
adrenals. 
Other experiments have supported this view that the 
adrenal glands enhance the lymphopenia induced by infectious 
agents. Altschule et al« (1950) studied the effects of 
typhoid vaccine injections in psychotic patients. They 
found that 17-ketosteroid excretion increased after treat­
ments, but they concluded that the adrenal cortex was not the 
primary cause of the leukopenic response. 
Aid to natiiral resistance 
Schwartz (1950) also discovered that vaccine-induced 
fever resulted in increased excretion of 17-ketosteroids. He 
concluded that the benefits derived froia all unspecific 
protein therapy could be attributed to stimulation of the 
adrenal cortex. 
Adrenal horaones are known to increase the resistance of 
the adrenalectomized animal to infections. Lewis and Page 
(1946, 1947) reported that the lethal dose of typhoid vaccine 
was twenty-five times as great in the intact than in the 
adrenalectofflized rat. They found that adrenal cortical 
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extracts protected adrenaleetonized rats against typhoid 
vaccine, but not against tetanus toxin. Although several 
gluco-corticoids showed protective power against typhoid 
vaccine, cortisone had the greatest activity. Desoxycorti-
costerone and progesterone gave no protection. In studies 
on mice, Delaunay and Lebrun (1951) confirmed that gluco­
corticoids protected adrenalectomized animals from typhoid 
endotoxins* 
Smith and Opsahl (1951) reported that adrenal cortical 
extract also delayed S. typhimurium infections in adren-
alectomized mice. They found, however, that when extract 
was administered to intact raice, it was beneficial in 
Staphylococcus aureus infection but not in mouse typhoid. 
They suggested that the differential effect could be due to 
the fact that staphylococci contain hyaluronidase while the 
Salmonella do not. Cortisone is known to inhibit the spread­
ing action of hyaluronidase. 
Laroche and Trwolieres (1950) found that during typhoid 
fever the eosinopenia response to adrenaline was subnormal. 
This suggested that in later stages of typhoid infections, the 
adrenal cortex was exhausted. This concept received further 
support from the report of Woodward ft (1951) that corti­
sone was beneficial as typhoid therapy. 
Detriment to natural resistance 
Although it is established that the adrenal cortex in­
creases its secretion during Salmonella infections, the 
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interpretation of this phenomenon is in doubt. Most workers 
have assumed that it is another case in whieh the stress 
response protects the animal. However, typhoid infection is 
a unique situation in whieh noxious stimulus miffiies the stress 
response. It is possible that in this instance the adrenal 
secretion actually hams the host. 
Delaunay et al. (1946) reported that injection of toxic 
doses of S. typhosa endotoxins inhibited diapedesis in normal 
rats. However, the same dosage of endotoxin did not have 
this effect when administered to adrenalectomised rats. 
Somero and lomo (1950) found that the effects of bacterial 
toxins were diminished by hypophysectomy. fhese reports 
indicated that pituitary-adrenal activity augments toxic 
damage. 
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MATERIALS AND METHODS 
The Mouse Strains 
Seven strains were used in this investigation: the 
Selected (S), Eockefeller Institute (RI), Swiss (Z), Virus 
resistant (K), Ervin (E), Silver (L) and Bagg (Ba). These 
strains at the Genetics Laboratory at Iowa State College 
must be distinguished from those bearing the same names which 
are maintained by commercial houses or by other research 
laboratories. While they were originally derived from the 
same stocks, these strains have been highly inbred by over 
thirty generations of brother-sister matings. As a result, 
each strain has become a distinct biotype, with a charac­
teristic level of resistance to Salmonella typhimurium. 
All mice in this study were 5h - 6| months old. Except 
for a few cortisone mortality experiments, no male mice were 
used. For this reason, only the resistances of the females 
of each strain were presented in Table 1. To give a clear 
graphical presentation, it was necessary to group these 
strains into five levels of natural resistance. Each group 
was assigned a "resistance rank" (1-resistant to 5-suscep-
tible). The survival curve and resistance rank of each 
strain are shown in Figure 1. The mortality data appear in 
the Appendix. 
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Table 1. Natural resistance of female mice of s|ven strains 
to intraperitoneal inoculation of 2xl05 typhoid 
bacteria (Salmonella typhimurlum IIC) 
Strain Experiment Total Survived Per cent 
Survived 
S A® 476 475 99.8 
437 435 99.5 
EI A 150 140 93.3 
B 67 62 92.5 
K A 405 298 73.6 
B 303 229 75.6 
Z A 515 379 73.6 
B 530 391 73.8 
I A 152 30 19.7 
B 236 63 26.7 
I A 100 23 23.0 
B 283 66 23.3 
Ba A 258 1 0.4 
B 295 0 0.0 
^ A - Data recorded at the Genetics Laboratory, Iowa State 
College, during the years 1943 - 1950 inclusive. 
^ B - Data recorded in this investigation 
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2-RI (217) 
3-K (708) 
3-Z (1045) 
4-E (388) 
4-L (383) 
- 5-Ba (553j | 
2 i 14 7 0 
TIME - DAYS 
Survival of seven mouse strains after intraperitoneal 
ion of 2x105 typhoid bacteria (S. typhimurium). Fig-
parentheses indicate number of mice inoculated. The 
ce rank of each strain precedes its sym.bol. 
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Standardization of Bacterial Sm®p«nsions 
The mie® t*«r« infeet«d by intrap«riton«al injection of 
2x10^ bacteria of the lie strain Salaonella typhimttrim» 
fhis 110 ctilture has been maintained by mass transfers on 
nutrient agar slants and has shown constant virmlence for 
twenty-six years. Eighteen hoiir cttltmres were suspended in 
0.^5^ saline with 0,05^ peptone. The smspensions were brought 
to standard density by appropriate dilmtions within the linear 
portion of the calibration ctirve on the iWETSOIf photoelectric 
colorimeter* Each calibration was checked by a plate count. 
The »ean bacterial comt of twenty-six inocmlations was esti-
raated to be 1.96 ^ 0.04 htmdred thomsand cells. 
Collection of Plasma and Sermm 
Fat cloudiness in electrophoresis samples was obviated 
by withholding all food from the aice for eight hours prior 
to bleeding. All blood collections were made between 6 P.M. 
and 10 P.M. Leukocytes counts were confined to the narrower 
period of $ P.M. to 10 P.M. 
Serum, 
Blood was drawn by making an incision in the neck and 
collecting the mixed arterial and venous blood in a 15 ml. 
graduated centrifuge tube. Hemolysis was lainimized by al­
lowing the blood to flow down a narrow strip of paraffin in­
side the slanted tube. For electrophoretic analyses, the 
blood of about ten nice was collected in one tube. It was 
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then allowed to ©lot for one hour at room temperature and 
for one hour in the refrigerator. After centrifugation, the 
serum was poured off the clot. 
Plasma 
The above procedure was modified by moistening the fur 
of the mouse with O.Ol ml. of heparin solution (10 mg./ml, 
Abbott) before making the incision. Pooled plasma samples 
for electrophoresis were iraaediately refrigerated for one 
hour before centrifugation. Single samples were collected 
in centrifuge tubes which were cut off at the 3 ml* mark. 
Samples were thoroughly mixed by repeated inversions. 
Aliquots were removed for blood count® and the remainder was 
used for hematocrit determinations. All mice were destroyed 
after the bleedings. 
Enumeration of Leukocytes 
The blood was collected by the procedure described above 
for plasma samples. Total leukocyte counts were made by 
standard procedures outlined by Wintrobe (1951). Tfirk's 
solution was modified by increasing the acetic acid to 5%. 
Smears were stained with Wright's stain and differential 
counts were based on at least two hundred cells. Small drops 
of blood were smeared and all the cells on a single slide 
were enumerated. Seiffert et al. (192^) pointed out that 
this was necessary due to the imequal distribution of cells 
on the smear. Mouse blood contains a high proportion of 
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small lymphocytes and there is a marked tendency for the 
polymorphs to collect on the edges of the smear. 
Plasma Volume Determination 
Attempts to determine blood volume by dilution of 
Evan's blue were unsuccessful. A more accurate index of 
blood volume was obtained by recording the quantity of blood 
collected from each mouse. The blood volume of each pooled 
sample was divided by the mean weight of that group of mice. 
Packed erythrocyte determinations were obtained from 
Wintrobe hematocrit tubes centrifuged to constant cell volume 
at 2900g. Because hematocrits were made on blood of single 
mice and blood volwne determinations on pooled samples| the 
plasma volume of each strain was estimated from the product 
of its mean blood volme and mean plasma percentage. 
Agglutinin Titration 
Suspensions of formalin-killed bacteria for use in 
agglutination tests were first brought to constant density 
by readings in the LUMETRON. This density was initially 
chosen by comparison of a suspension with Tube No. 5. of a 
McFarland nephelometer. Because dilutions of the suspensions 
with unbuffered saline gave erratic results, sera were 
diluted in voltimetric flasks with the phosphate-chloride 
buffer described under a electrophoretic technique. One ml. 
of the l/lO, l/lOO, and l/lOOO dilutions of sera were then 
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serially diluted with an equal volume of buffered bacterial 
suspension and incubated for twenty-four hours. Agglutina­
tion tubes were examined by reflection in a concave mirror. 
In all cases, readings were identical at one, twelve and 
twenty-four hours. The greatest serum dilution which caused 
agglutination was recorded as the titre. 
Agglutinin Absorption 
A heavy suspension of both live and formalin-killed 
bacteria (S. typhlmuriuin) was dialyzed against water for two 
days. It was then centrifuged and the cells resuspended 
with an inuaune serum. This mixture was alternately incubated 
(1 hour 37®C), refrigerated, centrifuged and resuspended 
four times. The absorbed serum was then centrifuged until 
free of cells and was analyzed by electrophoresis. 
Nitrogen Determination 
Aliquots of pooled plasma and sera were quick-frozen 
and stored at -10®C. Although no precipitate was observed in 
sera, a fibrin clot was often found in plasma samples. For 
this reason, the nitrogen determinations on plasma were 
unsatisfactory. 
In the micro-Kjeldahl analyses, hydrogen peroxide was 
added to the digestion mixture and selenium oxyehloride was 
used as catalyst. Ammonia liberated in a steam distillation 
apparatus was collected in 4^ boric acid and titrated with 
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0.01 N HCl using a mixed methyl blue-m«thyl red indicator. 
IFrine Protein Test 
A qualitative test for protein was made by adding to 
the urine an equal volume of 10^ trichloracetic acid. This 
test v?as sufficiently sensitive to detect the protein in a 
l/lOOO dilution of normal mouse serum. In collecting the 
urine, care was taken not to put any pressure on the bladder 
of the mouse, for this often resulted in a delayed floccu-
lation. This was interpreted as a false positive test. 
Electrophoretic Analysis 
Two ml. samples of mouse sera were dialyzed with 
agitation against two liters of buffer for two to four days 
at 2®C. The phosphate-chloride buffer was composed of 0.15 M 
NaCl, 0.0197 M KaHPO^ and 0.0012 M KHgPO^. The ionic 
strength was 0.21 and the pH, 7.S« 
After dialysis, the serum was diluted with buffer to 
give a refractive increment of 0.001?. Kjeldahl analyses 
indicated this dilution to be equivalent to 0.05^ protein. 
Analyses were made in a double-length, single section Tiselius 
cell at 2®C. The potential gradient was between 4.0 and 4.5 
volts/cm. The wattage dissipation was in all analyses kept 
below 4.5. For this reason, the duration of the analyses 
was a minimum of four and one-half hours. 
Resolution of the boundaries was attained by use of the 
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PhilpQt«ST«nsson optieftl systera. Patterns were enlarged 
three diameters abore the diffiensions of the eell and traced 
onto graph paper. Tracings of ascending and descending 
patterns were placed on one graph. This procedure was dupli­
cated and independent interpretations of the two graphs were 
sade. Areas were measured by a planiaeter. 
Talues reported in the text are the means of two trac­
ings {i.e. two independent interpretations) on both ascend­
ing and descending patterns. The extra time required for 
two tracings was justified by the report of Thompson (1951) 
that the interpretation error made up about half the exper­
imental error in electrophoretic analysis. 
The protein peaks were often separated by concentration 
gradients which were difficult to apportion to any one com­
ponent. The method of interpretation giving the most consist­
ent results was to separate these areas by perpendiculars 
dropped at a constant fraction of the distance between the 
adjacent peaks. 
Cortisone Administration 
Each cortisone-treated mouse received one subcutaneous 
injection of the saline suspension (5 mg./ml.) of 11-dehydro-
17-hydroxy eorticosterone-21 acetate synthesised by Merck 
and Co. Controls received an equal volume of aqueous vehicle 
Mo. 1 (Merck). In all experiments, the treated animals and 
their litter-mate controls were confined in the same cage. 
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EISULTS AND DIS0USSIOM 
The Effects of Saliaonell® typhimurlma Infection 
Experimental design 
Because the electrophoreti® analyses reqmired so amch 
time, it was not always possible t© analyze sera drawn from 
miee infected by the same inoculttia. On any one day, it was 
diffieiilt to collect enomgh unheaolyzed sera from all seven 
ffiomse strains. The only time when sera from all strains 
were drawn simultaneomsly was on the fourth day of the in­
fection. Strain comparisons of eleetrophoretic patterns 
were most reliable at this time. 
The other observations were obtained frora balanced ex­
periments. In each strain, noriaal mice chosen at randoa 
were stained with a picric acid symbol which indicated the 
day on which they were to be killed. This was done t© avoid 
a biased selection of the diseased animal®. One raomse of 
each strain was killed 0, 1, 2, 3 and 4 days after inocu­
lation of 2X105 typhoid bacteria, S. tvphimuriMm. Resistant 
mice were also killed 7, 14, 21, 42, 44, 46 and 63 days after 
this inocmlation. On the 42nd day they were given a second 
identical dose of typhoid bacteria. To obtain replicates, 
this entire procedure was repeated. Thus, for most of the 
data, comparisons of both strains and days of infection were 
valid. 
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Body weight 
Both resistant and susceptible mice lost weight in the 
critical first foiir days of mouse typhoid infection. In 
Figure 2, it is seen that resistant mice recovered their 
normal body weight in the following three day period. This 
weight gain may, in part, be attributed to water retention. 
Evidence for this will be presented in the discussion of 
plasma volume. 
An analysis of variance which removed the variation 
between mice within each strain revealed that the weight 
loss of the most resistant (S) mice was not significant. 
However, mice of the next most resistant strain (EI) did 
lose weight. The original body weight data are presented in 
the appendix and are summarized in Table 2. 
Susceptible mice lost a greater percentage of their 
body weight during infection, Fiirthermore, inspection of 
Figure 3 will reveal that the weight loss of each strain was 
correlated with its resistance to mouse typhoid. However, 
loss of weight must surley have been a result, not a cause, 
of low natural resistance. Therefore, one must exercise 
some caution in interpreting as a resistance mechanism any 
trait which, after the inoculation, was observed to be cor­
related with survival. 
Spleen weight 
The spleen weight data are summarized in Table 3. The 
mean spleen weight of the four resistant strains had doubled 
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Table 2. Body weights of seven inbred mouse strains after 
inoculation of 2x105 typhoid bacteria. Each mean 
represents weights of five mice. (Grams) 
Strain Days after one typhoid inoculation 
0 2 4 7 14 21 
s Mean 
S.E.® 
25. S 
1.4 
26.1 
1.4 
25.6 
1.2 
26.1 
1.1 
26.3 
1.1 
26.5 
1.2 
RI Mean 
S.E. 
31.3 
1.3 
31.1 
1.2 
29.7 
0.9 
30.6 
1.1 
30.9 
1.0 
30.8 
1.1 
K Mean 
S.E. 
24.2 
0.4 
23.6 
0.4 
22.3 
0.4 
22.5 
0.6 
22.8 
0.6 
22.7 
0.5 
Z Mean 
S.E. 
22.5 
0.2 
22.3 
0.4 
21.8 
0.4 
23.8 
0.6 
24.0 
0.3 
22.9 
0.4 
Days after one typhoid inoculation 
0 1 2 3 4 
E Mean 
S.E. 
22.9 
0.6 
22.0 
0.4 
21.1 
0.3 
20.7 
0.3 
19.9 
0.3 
L Mean 
S .E. 
23.4 
0.7 
23.1 
0.7 
22.a 
0.8 
21.9 
0.6 
20.7 
0.5 
Ba Mean 
S.E. 
23.6 
0.4 
22.6 
0.4 
21.4 
0.4 
19.9 
0.4 
18.0 
0.3 
® Standard error 
/-1.6 
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Fig. 3 (Above) Body weights of seven mouse strains. The 
resistance rank of each strain precedes its symbol. (Below) 
Spleen weights of^four resistant mouse strains after inocu­
lation of typhimurium. The time scale is logarithmic. 
Table 3. Spleen weights of seven mouse strains after inoculation of 2x10^ typhoid 
bacteria (Milligrams) 
Strain Days after first typhoid inoculation 
0 i. 1 2 3 4 7 14 21 
s Mean 
o I ?  S w #J& • 
115 
9 
149 
10 
184 
5 
206 
6 
214 
5 
233 
6 
318 
33 
382 
35 
182 
24 
HI Mean 
S.E. 
134 
10 
268 
16 
293 
12 
342 
17 
376 
9 
376 
15 
466 
50 
622 
21 
352 
31 
K Mean 
S.E. 
69 
2 
94 
7 
128 
12 
141 
3 
150 
5 
182 
13 
314 
47 
476 
54 
333 
36 
Z Mean 
S.E. 
80 
6 
130 
5 
155 
11 
174 
4 
191 
5 
205 
26 
282 
50 
388 
8 
263 
24 
1 Mean 
S.E. 
75 
2 
105 
2 
106 
3 
110 
8 
124 
12 
134 
13 
L Mean 
S.E. 
89 
4 
129 
7 
153 
7 
170 
5 
168 
10 
182 
11 
Ba Mean 
S.l. 
101 
4 
134 
5 
174 
3 
193 
10 
216 
7 
244 
17 
® Standard error 
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by the fourth day and had quadrupled by the fourteenth day 
of infection^ Nevertheless, the rate of spleen enlargement 
was greatest during the first day after inoculation. The 
rate gradually declined during the next three days. This 
may be due to the fact that the over-all catabolic response 
to infection, as indicated by weight loss, was maximum 
during this period. This may be seen by comparing the body 
weight and spleen weight data which are illustrated in 
Figure 2. 
Strain differences were observed both in normal spleen 
weights and in the rates of spleen enlargement during mouse 
typhoid. Neither of these attributes was correlated with 
natural resistance. The strain with the greatest body 
weight {SI) also had the greatest normal spleen weight. The 
K strain, which (like the EI strain) was of intermediate 
resistance to mouse typhoid, had the lowest initial spleen 
weight. 
It is interesting to note that when spleen weight was 
plotted against the logarithm of time, a linear relationship 
was obtained in the first four days of the infection. During 
this period, the coefficient of correlation of the logarithm 
of time with the mean spleen weight of all strains was found 
to be 0.99. The rate of spleen enlargement during mouse 
typhoid was found to be significantly lower in the I strain 
and higher in the HI strain than in the other five strains. 
The respective regression equations for the E, RI and the 
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oth«r five strains are as follows: S = 02 + 72 log (t4.1), 
S = 203 + 274 log (t+1), and S = 9^ + l60 log (t-i-l); where 
S equals spleen weight and t equals the time (in days) 
following typhoid inoculation. 
Although there was a great increase in the volume of 
this lymphatic organ, it roust be remembered that this was 
due to hyperemia and increase in the red pulp. Seiffert 
et al. (1920) reported that the lymphatic tissue of the spleen 
actually decreased. 
Plasma volume 
Relative erythrocyte volume. The purpose of determining 
the relative cell volume and the total blood volume was to 
estimate the change in plasma volume during mouse typhoid. 
This information was in turn to be used for the interpretation 
of plasma protein metabolism. 
The hematocrit determinations are presented in Table 4« 
Significant strain differences were evident in the normal 
values. The most susceptible strain (Ba) and a strain of 
intermediate resistance (E) had the highest relative packed 
erythrocyte voltimes. Two strains of intermediate resistance 
(K and L) had the lowest values. These relationships were 
contrary to those found by Gowen and Calhoun (1943) for the 
numbers of erythrocytes in the blood of these strains. 
However, the mean erythrocyte volume may not have been iden­
tical in all strains. 
The mean hematocrit values for the four resistant strains 
Table 4- Packed erythrocyte volumes of seven mouse strains after inoculation of 
2x105 typhoid bacteria- Each mean represents hematocrit determinations 
on five mice. (Per cent of whole blood) 
Strain Days after first typhoid inoculation 
Qg 1 2 3 k 1 14 21 42^ 44 46 63 
s Mean„ 43.1 42.a 41.2 40.0 40.3 37.2 41.8 42.8 43.4 43.4 42.4 42.4 
S.l.® 1.0 o.g 0.7 1.2 1.2 0.5 0.6 0.4 o.a 1.2 1.5 0.9 
RI Mean 43.9 43.6 43.6 42.6 39.2 32.2 29.4 29.6 39.0 39.2 39.2 40.0 
S •£ • 1.1 1.3 2.2 1.1 1.7 1.2 1.4 2.3 1.1 0.8 1.5 2.0 
K Mean 40.9 40.2 42.0 40.6 39.6 34.4 32.0 32.6 36.8 37.0 39.6 41.0 
S.E. o.a 1.5 1.5 1.6 1.3 1.0 0.6 2.3 2.4 3.1 2.0 0.6 
Z Mean 45.2 44*0 44.2 44.4 37.0 32.0 30.8 40.2 40.4 40.4 40.6 40.2 
S.E. 0.7 0.4 1.8 2.2 2.3 2.7 1.7 1.5 0.8 1.6 0.5 1.8 
1 Mean 46.5 46.4 46.6 42.6 42.4 
S.£. 0.7 O.g 1.1 0.5 1.0 
L Mean 41.1 41.6 40.0 3^.4 35.6 
S .E . 1.0 0.4 1.3 1.2 1.4 
Ba Mean 46.6 47.4 48.2 46.g 46.0 
S.E, 0.7 1.3 1.6 1.4 1.1 
® Standard error 
^ A second inoculation of 2x10^ bacteria was made on this day 
® Means in this column represent ten detemninations 
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had decreased significantly by the fourth day and the anemia 
persisted throughout the third week of infection. Mice of 
the most susceptible strain (Ba) showed the least change in 
hematocrit values. Actually, the anemic condition was most 
profound in these susceptible mice, but it was masked by a 
decrease in blood volume. This relationship may be seen by 
comparing the two graphs in Figure 4. 
Total blood volume. The data summarized in Table 5 
represent the mean blood volumes (in milliliters) obtained 
per mouse. Expressed in this way, the normal mean blood 
volume of the HI strain was 40^ greater than that of the other 
strains. However, when blood volume was expressed as milli­
liters per gram of body weight, the difference was not sig­
nificant. The estimates of blood volume obtained by exsan-
guination are known to be only about 755^ as great as the 
actual values. Nevertheless, the blood volume estimates 
obtained in this manner provided an index of volume change 
during mouse typhoid infection. 
The mean blood volume of the four resistant strains did 
not de crease in the first four days of infection. On the 
other hand, the decreased values observed in the E and L 
strains were highly significant. The fall in blood volume 
in each strain was entirely due to a decrease in the circu­
lating erythrocytes. The plasma volume usually increased. 
Each plasma volume estimate was obtained from the 
product of mean blood volume and mean plasma percentage. 
MILLILITERS PER MOUSE 
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Table 5* Blood volumes of seven mouse strains after inoculation of 2x10^ typhoid 
bacteria. Each mean represents five samples of pooled blood. 
(Milliliters per mouse) 
Strain Days after typhoid inoculation 
0 1 2 3 k 7 14 21 42^ 44 46 63 
s Mean 
S.E.® 
0.738 
0.005 
0.734 
0.005 
0.734 
0.002 
0.730 
0.010 
0.734 
0.008 
0.724 
0.010 
0.746 
0.012 
0.77s 
0.010 
0.796 
0.007 
0.794 
0.012 
0.794 
0.018 
0.792 
0.002 
HI Mean 
S.E. 
0.994 
0.018 
0.994 
0.016 
0.992 
0.014 
0.990 
0.022 
1.002 
0.020 
1.010 
0.031 
0.994 
•0.024 
1.056 
0.031 
1.092 
0.056 
1.092 
0.046 
1.126 
0.038 
1.116 
O.O65 
K Mean 
S.E. 
0.718 
0.005 
0.724 
0.006 
0.712 
0.009 
0.732 
0.008 
0.728 
0.005 
0.716 
0.014 
0.758 
0.012 
0.780 
0.015 
0.822 
0.010 
0.810 
0.006 
0.814 
0.017 
0.808 
0.018 
Z Mean 
S.E. 
0.742 
0.014 
0.766 
0.010 
0.752 
0.002 
0.772 
0.018 
0.754 
0.008 
0.764 
0.024 
0.770 
0.027 
0.814 
0.026 
0.902 
0.024 
0.906 
0.019 
0.896 
0.008 
0.920 
0.037 
£ Mean 
S.E. 
0.760 
0.015 
0.756 
0.012 
0.750 
0.013 
0.700 
0.004 
0.700 
0.008 
h Mean 
S.E. 
0.684 
0.011 
0.678 
0.003 
0.656 
0.010 
0.688 
0.013 
0.648 
0.017 
Ba Mean 
S .£. 
0.746 
0.005 
0.710 
0.003 
0.632 
0.025 
0.562 
0.034 
0.524 
0.007 
® Standard error 
^ A second inoculation of 2x10^ bacteria was made on this day 
5k 
Inspection of Figure 5 will reveal that during the first 
week of infection the plasma volume of the mice of inter­
mediate resistance increased about 20^. The subsequent rise 
in the plasma volume of resiatsnt mice is illustrated in 
Figure 12. 
It will be shown that the concentration of albumin, 
the serum protein with the greatest osmotic activity, de­
creased during mouse typhoid. For this reason, the plasma 
volume rise observed in this disease was most surprising. 
The marked tendency toward water retention could have been 
explained by several factors. It is unlikely that the fever 
associated with mouse typhoid was responsible for the in­
crease in circulating fluid. Weir (1947) found the difference 
between the body temperatures of control and Infected mice 
to be less than 0.3°C. It is more probable that the plasma 
increases were the result of salt retention. This in turn 
may have been caused by renal damage, congestive heart fail­
ure or increased secretion of adrenal mineralo-corticoids. 
Selye (1951) has reviewed water retention and has emphasized 
the marked activity of desoxycorticosterone in increasing the 
volume of both plasma and interstitial fluid. 
Serum protein 
Total protein. Strain differences in the protein content 
of normal mouse sera were evident. The serum of the 1 strain 
was higher, while that of the Z strain was lower in total 
protein, than the sera of the other five strains. These 
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relationships were statistically significant, but no bio­
logical significance vas evident because both strains were of 
intermediate resistance. The total protein values are sum­
marized in Table 6, The mean value of 6.2 grams per cent is 
in agreement with the value, 6.02 0.02 grams per cent 
total protein, which was established for normal mouse serum 
by White and Dougherty (1946). 
Immediately after Inoculation, there was an increase in 
the total serum protein of all strains. By the fourth day 
of the infection, the serum proteins had increased signi­
ficantly in the susceptible mice. Two weeks later, the 
total protein increased in the resistant strains. It will 
be shown that this rise reflects, for the most part, the 
increase in gamma globulins. The increase was greater in 
the K and 2 strains than in the more resistant strains. A 
comparison of the two graphs in Figure 5 will emphasize the 
increase of serum protein in the total plasma of susceptible 
strains. 
Qualitative composition. It is generally assumed that 
qualitative pattern differences do not exist between sera 
drawn from normal animals of the same species. In a study 
of the serum proteins of twenty species, Moore (1945) found 
that each species had a "characteristic and reproducible 
electrophoretic pattern". Berg and Gurtis (1951) reported 
that the pattern of one mouse strain differed from the 
patterns of the other strains they examined, but they did 
Table 6. Kjeldahl analyses of serum protein of seven mouse strains after 
inoculation of 2x10^ typhoid bacteria. Each mean represents 
analyses of fo\ir pooled sera. (Grams per cent of seryun) 
Strain Days after first typhoid inoculation 
Q I 1 2 3 4 7 14 21 42^ 44 46 63 
s Mean^ 
S. l .®  
6.20 
0.03 
6.26 
0.03 
6.04 
0.10 
5.99 
0.06 
6.01 
0.10 
6.10 
0.03 
6.14 
0.08 
6.42 
0.06 
6.57 
0.07 
6.38 
0.06 
6.43 
0.09 
6.36 
0.15 
6.33 
0.12 
RI Mean 
S. l .  
5.96 
0.07 
6.02 
0.09 
5.96 
0.04 
5.94 
0.04 
5.82 
0.09 
5.88 
0.10 
6.04 
0.08 
6.20 
0.13 
6.32 
0.05 
6.38 
0.07 
6.41 
0.09 
6.37 
0.12 
6.37 
0.07 
K Mean 
S. l .  
6.19 
0.04 
6.27 
0.08 
6.17 
0.06 
6.24 
0.02 
6.17 
0.06 
6.07 
0.08 
6.25 
0.05 
6.25 
0.06 
6.55 
0.10 
6.73 
0.06 
6.68 
0.06 
6.77 
0.07 
6.69 
0.13 
Z Mean 
S. l .  
5.81 
0.13 
5.95 
0.11 
5.82 
0.08 
5.71 
0.07 
5.62 
0.08 
5.62 
0.07 
5.98 
0.06 
6.26 
0.10 
6.83 
0.09 
6.91 
0.07 
6.84 
0.08 
6.82 
0.04 
6.79 
0.09 
S Mean 
S. l .  
6.83 
0.07 
6.91 
0.04 
6.81 
0.06 
6.82 
0.03 
6.82 
0.08 
6.98 
0.08 
L Mean 
S. l .  
6.20 
0.05 
6.28 
0.08 
6.11 
0.12 
6.22 
0.02 
6.32 
0.04 
6.44 
0.07 
Ba Mean 
S. l .  
6.22 
0.07 
6.32 
0.05 
6.18 
0.06 
5.95 
0.09 
6.31 
0.10 
6.71 
0.06 
® Standard error 
^ A second inoculation of 2x10^ bacteria was made on this day. 
not give a full description of it. Another strain difference 
was noted in the present study. Only in the E strain, was a 
beta-1 globulin observed. The concentration of this protein 
was sufficient to account for the increased serum protein 
value found in this strain. During mouse typhoid, the beta-1 
globulin increased. 
To determine the inheritance of this unique protein, 
the hybrid progeny of E and S mice were infected with typhoid. 
On the fourth day of infection, sera was drawn from the four 
kinds of progeny: the males and females derived from the two 
reciprocal crosses. Ilectrophoretic analyses revealed that 
the beta-1 peak was present in all four sera. This indicates 
that the gene or genes determining the trait were dominant. 
It is seen in Figure 6 that the concentration of the beta«l 
globulin was as great in one of the hybrid {1 x S) sera as 
in the sera of infected 1 mice. In the other three hybrid 
sera, the concentration was not as great. This may be ex­
plained by the fact that the lymphatic lesions in the hybrid 
mice were probably not as extreme as in the more susceptible 
mice of the parental (!) strain, Hetaser (1937) demonstrated 
that resistance to S. typhimurium was partially dominant to 
susceptibility. 
Another strain difference in the c|ualitative composition 
of mouse serum was observed during typhoid infection. An 
alpha-1 globulin was observed only in the sera from mice of 
the S strain. The interpretation of this fact will be pre-
Figure 6. Electrophoretic patterns of six sera drawn from 
normal mice or mice infected with S, MEMSSIK* 
Each sample contained the pooled sera of at least 
ten female mice. 
Strain 1 • noraal serum. 
Strain £ - serum drawi two days 
after inoculation of 2x105 typhoid 
bacteria. 
Strain S - senia drawn three days 
after inoculation. 
Strain £ - serum drawn four days 
after inoculation. 
Hybrid (3x1) serum drawn four days 
after inoculation. 
Strain 1 - seru® drawn twenty-one 
days after inoculation. 
The beta-1 peak was observed only in strain E and its hybrid 
progeny. In normal serum, the concentration of this 
globulin was low and its resolution was yariable. Howe'rer, 
during mouse typhoid, this beta-1 globulin increased to 
twice its control level. Electrophoretic analyses of four 
sera drawn from hybrid (£ x S) mice at this time indicated 
that the gene or genes for this trait were dominant. 
Pattern 1. 
Pattern 2. 
Pattern 3* 
Pattern 4. 
Pattern 5. 
Pattern 6. 
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sented in the discussion of the effects of cortisone. 
Quantitative composition in normal mice. Ho consistent 
strain differences in the percentage protein composition of 
normal sere could be demonstrated. The results of thirty 
electrophoretic analyses of normal sera appear in the 
appendix, fhese data are suMiarized in Table 7. 
Table 7. Electrophoretic analyses of thirty pooled sera 
drawn from normal mice of eleven strains (Per 
cent of total serum protein) 
Protein Mean 
(per cent) 
Standard 
error 
Coefficient 
of 
variation 
(per cent) 
Albumin 60. g 0.7 7 
Globulin 
Alpha 12.1 0.4 19 
Beta 20.4 0.6 16 
Gamma 6.7 0.2 18 
A/0 latio 1.55 0.05 16 
The values are in agreement v^ith those published in a 
preliminary report by Bohle et ed. (1950), In electrophoretic 
analyses of mouse sera, they found the relative protein 
composition to be: 6$% albumin, 11^ alpha, 1^% beta and 
gamma globulin. 
The coefficients of variation agree with those given by 
Foster rt (1950). For electrophoretic analyses of sev­
enteen swine plasmas, these workers reported the following 
variation coefficients; albumins 9%, alpha globulin: 11%, 
beta globulin: lh$ and ganaaa globulins iSjI. 
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The albumin values are higher than those given by Berg 
and Curtis (1951)• They found the composition of mouse 
serm to be: albumin, 19?^ alpha, li^ beta and 10^ gamma 
globulin. 
Berg and Mole (1951) found a high incidence of heaolysis 
in mouse serum. As a result, two ertra peaks were present. 
The hemogloblin had the mobility of a beta globulin, while 
the erythrocyte stroiia protein had a greater mobility than 
that of albumin. In the present study, these peaks were at 
no time as prominent as in the patterns published by Berg 
and Mole. 
Quantitative coaiposition in infected mice. There was a 
profound change in the percentage composition of the serum 
proteins in the first week of mouse typhoid. The albumin 
declined, while the alpha and beta globulins increased. The 
electrophoretic analyses of sera from infected mice are 
listed in Table a. 
It is evident in Figure 7 that the serum of resistant 
mice began to return to normal during the second week of in­
fection. When a second inoculation of 2x10^ bacteria was 
made six weeks after the first, it had a similar effect on 
the senm. Although significant, this shift in the alpha and 
beta globulins of immune mice was not even one fourth as great 
as in normal mice. Because the fluctuations of the alpha and 
beta globulins were so similar, their values were combined in 
the subsequent graphs. The effect of S. typhimurim infection 
Table S. Electrophoretic analyses of sera drawn from seven moBse strains after 
inoculation of 2xl05 typhoid bacteria. Each sample contains the 
pooled sera of at least six female mice. (Per cent of total ser^ 
protein) 
Strain Protein Days after first typhoid inoculation 
RI 
K 
1 1 2 3 4 7 14 21 42^ 44 46 6?-
Albumin 63.2 56.4 57.4 54.1 57.4-52.5 48.1 52.7 60.4 65.2 56.1 59.9 61.0 
Globulin 
Alpha 10.6 11.8 16.8 13.7 14.6-15.4 18.0 11.3 11.8 8.9 10.7 10.6 10.5 
Beta 20.7 26.0 19.2 27.0 22.8-26.3 27.5 25.9 13.4 17.5 24.2 22.3 21.0 
Gainma 5.5 5.8 6.6 5.2 5.2- 5.8 6.4 10.1 14.4 8.4 9.0 7.2 7.5 
Albumin 63.5 58.1 56.2 50.9 41.7-53.0 44.0 45.6 47.7 55.2 53.4 5^.7 55.9 
Globulin 
16.1 Alpha 10.0 9.2 10.1 14.9 21.4-20.4 21.4 20.0 18.3 15.5 17.1 9.7 
Beta 19.9 27.4 27.6 30.2 31.0-22.5 30.3 28.9 27.9 19.4 21.6 16.0 24 .4  
Gamma 6.6 5.3 6.1 4.0 5.9- 4.1 4.3 5.5 6.1 9.3 9.5 8.2 10.0 
Albumin 63.2 52.7 48.3 47.4 44.8—40.0 32.5 42.5 46.3 4^.5 49.6 44.5 51.0 
Globulin 
Alpha B.6 12.6 15.2 17.1 17.9-19.6 22.3 15.1 13.2 12.7 14.8 12.7 13.6 
Beta 20.8 28.7 31.0 31.2 32.6-34.9 40.0 36.2 33.1 21.4 17.2 26.4 15.7 
Gamma 7.4 6.0 5.5 4.3 4.7- 5.5 5.2 6.2 7.4 17.4 18.4 16.4 19.7 
Albumin 60.6 57.5 49.9 40.2 37.3-41.2 37.1 47.4 46.8 40.1 42.3 44.3 49.4 
Globulin 
16.4 16.4 9.8 Alpha 10.4 13.3 17.8 23.2 26.5-18.0 24.6 15.2 12.4 11.4 
Beta 23.1 23.4 26.0 31.7 32.8-35.1 35.6 29.8 25.4 27.9 27.7 23.1 24 .4  
Gamma 5.9 5.8 6.3 4.9 3.4- 5.7 2.7 6.4 12.6 19.6 13.6 21.2 16. 4  
E Albumin 67.8 
Globulin 
Alpha 9.0 
Beta 19.8 
Gamma 3.4 
L Albumin 67i8 
Globulin 
Alpha 10.5 
Beta 17.2 
Gamma 4*5 
Ba Albumin 68.0 
Globulin 
Alpha 10.0 
Beta 19.2 
Gamma 2.8 
56.4 44.6 36.2 39.4-34.4 
12.6 18.1 26.S 25.6-27.0 
26.9 32.9 32.5 33.9-35.0 
4.1 4.2 4.5 1.1- 3.6 
53.5 46.0 43.2 34.1-35.7 
16.4 19.0 26.6 26.9-26.0 
24.4 29.2 25.2 34.1-33.0 
5.7 5.S 5.0 4.9- 4.5 
64.9 50.1 3S.0 32.9-32.1 
11.5 22.5 23.6 2^.7-27.4 
21.7 20.9 32.4 35.1-36.4 
1.9 6.5 1.0 3.3- 4 .1 
® A second inoculation of 2x10^ bacteria was made on this day. 
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on th« 0l®ctrophor«tic pattsrn is illustrattd in Figmr® 8, 
The initial rise in albumin, observed in all strains on 
the first day after inoculation, was statistieally signif­
icant, but its biological importance was not known. The 
abrupt fall in albtuain which was observed later may have 
been due to: (1) protein loss into the urine through damaged 
glomeruli, (2) toxic damage to the liver, (3) drain on labile 
protein reserves during the catabollsm of infection, or (4) 
escape of albumin into the interstitial fluid. Svidence 
which contraindicates the first two possibilities will be 
presented in the discussion of fibrinogen. 
The most likely source of the increased alpha and beta 
globulins is the dissolution of lymphatic tissue observed in 
mouse typhoid by Seiffert et {192S). Because this glob­
ulin rise was most marked in the susceptible strains, it will 
be interesting to note the comparative lymphopenia in these 
strains. 
It is evident in Figures 9 and 10 that strain differences 
in serum protein composition were most clearly associated 
with natural resistance on the fourth day of the infection. 
Electrophoretic analyses were made on two sera of each strain 
at this time. An estimate was made of the proportion of 
variation contributed by the two sera within each of the 
seven strains, the two electrophoretic patterns within each 
serum and the two tracings within each pattern. The variance 
analysis is presented in Table 9* 
Figure B, Electrophoretic patterns of seven sera drawn 
from normal mice or mice infected with S. 
typhimyium. l&ch sample contains the pooled 
sera of at least six female mice of the Z 
strain. 
Pattern 1. Normal serum. 
Pattern 2, Two days after inoculation of 2x10^ 
typhoid bacteria. 
Pattern 3* Four days after inoculation. 
Pattern 4. Seven days after inoculation. 
Pattern 5* Fourteen days after inoculation. 
Pattern 6. Twenty-one days after inoculation. 
Pattern 7. Forty-two days after inoculation. 
Note the increase in alpha and beta globulins which reach a 
laaximum on the seventh day after typhoid inoculation. A 
beta-3 globulin may be observed in the descending patterns 
at this time. The gamma-globulins at first decrease and 
then rise to four times their normal value. 
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Table 9. Analysis of variance: electrophoretlc analyses of two sera drawn from 
each of seven mouse strains four days after typhoid inoculation 
Degrees Mean square 
Source of variation of Globulin Expected mean square 
freedom Albumin Alpha Beta Qanuna 
Strain 6 489.8** 184.1** 150.5* 9.1 I + 41 + 2i + 4S + 8st 
Pattern 1 27.2 1.4 7.4 1.8 1 4- 41 + 2i +. 32P 
Strain x pattern 6 8.8** 7.4** 5.0**3.4* I + 41 
Senim in strain 7 62.4 22.9 28,4 4.6 1 4. 4S + 2i 
Serum x pattern 
in strain 7 19.7 7.4*« 14.4**7.3* 1 +• 2i 
Between tracings, 
within strain, pattern, 
and serum 28 2.2 1.0 3.0 2.4 £ 
• Significant at the five per cent level 
** Significant at the one per cent level 
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On th« fourth day of infection, the atraia differences 
were significant for all protein components except gaaama 
globulin. Although there was no real difference between 
ascending and descending patterns, the strain-pattern inter­
action was significant. This supported the report of Thompson 
(1951) that infonaation was lost hj the use of only one 
electrophoretic pattern. One half of the error in estimating 
the concentration of gamma globulin was due to between-
tracing error. This emphasises the usefulness of making two 
interpretations of each patteim. More than one third of the 
error in analyses of the other proteins was contributed by 
differences between the two sera drawn frora each strain. 
In Figure 11, it is STident that in strains of moderate 
resistance (K and Z) the alpha and beta globulins had not 
returned to nomal six weeks after inoculation. The secondary 
rise in these globulins after another identical typhoid 
inoculation was significant, but strain-day interactions were 
evident. The shift in albumin after the second inoculation 
may have been due to the greater experimental error found in 
electrophoretic analyses of immune sera. Not only serum 
proteins, but body weights, spleen weights, and the leukocytes 
were much more irariable after the second week of infection. 
It is interesting to speculate which shift in the serum 
proteins had the greater physiological significance! the rise 
in globulin or the fall in albumin. The apparent globulin 
rise might have been an artifact produced by hemoconcentration. 
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This was not the ease, however. Figure 12 presents a graphic 
stismary of the changes in the blood of resistant mice during 
infeetion with typhiaiiriua* Plasma volume, which is the 
product of blood Tolnae and plasma hematocrit values, 
increased about 20^ in the first week of the infection. An 
estiiaate of the absolute amount of albumin (per msuse) was 
obtained by taking the product of plairaia volume, total 
protein, and percentage albumin. In Figure 13, it is seen 
that the absolute amount of serum albumin was restored by the 
third week of the infection. On the other hand, the increase 
in globulin would have been even more extreme when expressed 
in this manner. 
Agglutinin titre. The agglutinin data are listed in the 
appendix and are susfflyirised in Table 10. Each observed titre 
(t) was coded by computing the logarithm of (t -f 1). The 
standard errors of the uncoded values were about half as 
great as the means. Only two positive agglutination tests 
were obtained on the sera of no?^al mice. Both of these sera 
were drawn from mice of the most susceptible (Ba) strain. 
The positive tests indicated in the first column of Table 10 
were observed on the fourth day of infection. 
The agglutinating antibodies to S. typhimurium were eon« 
centrated in the gamma globulins. This was demonstrated by 
analyzing two immune sera before and after incubation with 
the cellular antigen. Ilectrophoretic analyses indicated 
that after absorption the gamma globulin decreased from 20^ 
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Table 10, Agglutinin titres of four mouse strains after inoculation of 
2x105 typhoid bacteria. Each mean represents agglutination 
tests on five pooled sera. (Logarithm of greatest serum 
dilution producing flocculation) 
Strain Days after first typhoid inoculation 
0-4® 7 14 21 42^ 44 46 63 
s Mean 0.1 1.2 1.6 2.3 2.5 2.5 2.5 2.3 
S.l,® 0.1 0.4 0.1 0.2 0.3 0.2 0.3 0.3 
EI Mean 0.0 0.8 1.4 1.9 2.4 2.3 2.4 2.2 
S.£. 0.0 0.4 0.2 0.5 0.3 0.2 0.2 0.3 
K Mean 0.0 1.0 l.g 2.4 2.7 2.7 2.6 2.9 
S.l. 0.0 0.5 0.1 0.2 0.1 0.4 0.2 0.1 
Z Mean 0.3 1.2 1.5 2.7 3.0 3.0 3.2 2.7 
S.l. 0.2 0.3 0.2 0.1 0.3 0.2 0.1 0.3 
® Standard error 
^ A second inoculation of 2x10^ bacteria was made on this day 
® Means in this column represent ten titres. 
7S 
to 5^ in th« Z serum and from to 3% in S serum. The 
patterns of the absorbed immune sera are illustrated in 
Figures 19 and 20. 
It may be seen in Figure 14 that both agglutinin titres 
and gamma globulins were higher in the strains of intermediate 
resistance. Gorer and SchStae (193^) immunized mice to 
formalinized suspensions of S. typhimmrium and reported that 
the four mouse lines were ranked in the same order in regard 
to both resistance and production of flagellar agglutinins. 
While their observations were not in accord with the results 
obtained in the present study, it must be remembered that 
the susceptible K and Z strains were exposed to a more severe 
infection. Furthermore, the correlation observed by Gorer 
and Schutze may have been due to chance rather than to a 
resistance mechanism. They found no clear relationship be­
tween resistance and the antibodies to either the somatic 
antigens of S. tYDhimurium or the flagellar antigens of 
S. enteritidis. 
Prine protein 
A positive test for protein was found in about half 
the urine samples from diseased male mice, but this frequency 
was no greater than in the controls. Male rodents are known 
to have a spontaneous proteinuria. All the previous studies 
on the pathology of mouse typhoid were made on female mice. 
Therefore, it is significant that all tests for protein in 
the urine of female mice were negative. One may conclude 
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that the albumin decrease observed in mouse typhoid could 
not be attributed to urine loss. 
Fibrinogen 
Another cause of diminished serum albumin is liver 
damage* Decreased liver function is often associated with 
toxic infection and anemia# Fibrinogen is synthesized in 
the liver and is used clinically as a test of liver function. 
The data presented in fable 11 indicate that fibrinogen 
did not decrease in the serum of even the most susceptible 
strains? in fact, it increased during the infection. This 
rise is evident in the electrophoretic patterns illustrated 
in Figiire 15. 
If the decline in serum albuain could not be explained 
either by urine loss or liver damage, it must have been due 
to: (1) the depletion of labile protein reserves during the 
catabolic response or (2) the loss of albumin into the inter­
stitial fluid as a result of increased capillaiy permeability. 
Although neither of these possibilities may be excluded, it 
seems unlikely that the first alternative could have accounted 
for the initial fall in albumin. The plasma protein is main­
tained by the body at the expense of other labile protein 
stores. It is improbable that these reserves could have been 
exhausted by the first day after infection, yet the decrease 
in albumin was already significant at this time. 
Evidence in favor of the second alternative has been 
presented by the experiments by Moore and Fox (1950). Serum 
ai 
fable 11. lleetnsphoretic analyses of plasma of six mouse 
strains after inoculation of §• typhimurium. 
Each sample contains the pooled plasma of at 
least six mice. (Per cent of total plasma protein) 
Days after first typhoid inoculation 
Strain Protein - 0 > 2 4 42 44 46 
s Albumin 53.6 4#.2 46.7 52.1 54.5 
Globulin 
Alpha IG.a 13.9 13.7 11.2 11.5 
Beta 14.1 19.1 13.^ 15.1 19.0 
QaniMa 9.7 6.2 9.0 7.4 5.1 
Fibrinogen 11.g 12.6 16.$ 14.2 9.9 
II Albtufiin 62.5 50.6 46.2 41.7 
Globulin 
Alpha 10.4 13.0 14,4 14.0 
Beta 10.7 15.9 l6.i 20.d 
Gaimna 7.5 9.6 9.9 12.9 
Fibrinogen i.9 10.9 12.7 10.6 
K Albumin 42.7 
Globulin 
Alpha 13.7 
Beta U . 2  
Ganu&a 13.7 
Fibrinogen 11.7 
Z Albumin 34.4 
Globulin 
Alpha 10.6 
Beta 24.4 
Gamma 20.4 
Fibrinogen 10.2 
£ Albumin 35.2 
Globulin 
Alpha 20.B 
Beta 25.i 
Gamma 5.3 
Fibrinogen 12.9 
Ba Albumin 54.9 64.2 39.1 30.3 
Globulin 
Alpha 15.0 12 .1 21 .7 20.7 
Beta 14.6 11 .0 23 •4 34.4 
Gamma 7.2 4 .2 2 .3 2.2 
Fibrinogen 8 .5 13 .5 12.4 
Figure 15• Electrophoretic patterns of five plasmas drawn 
from normal mice or from mice infected with 
typhimurium. Each sample contains the pooled 
plasma of at least ten mice. 
Pattern 1. Strain Ba - normal plasma. 
Pattern 2. Strain Ba - plasma drawn two days 
after inoculation of 2x10^ typhoid 
bacteria. 
Pattern 3. Strain Ba - plasma drawn four days 
after inoculation. 
Pattern Strain E - plasma drawn four days 
after inoculation. 
Pattern 5» Strain Z - plasma drawn forty-two 
days after inoculation. 
Note that fibrinogen increases during mouse typhoid. This 
is evident even when fibrinogen values are corrected for 
overlap of the adjacent beta-2 and beta-3 globulins. This 
indicates that the liver is functioning well enough to 
maintain plasma protein levels. 
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albumin increased in the interstitial fluid of the traumatized 
tissues of mice* The total protein content of these tissues 
remained constant because an equal amount of globulin entered 
the serum. A similar situation must occur in Salmonella 
infections, since the endotoxins would be expected to increase 
capillary permeability either by direct damage to the endo­
thelium or by liberation of leukotaxine from inflamed tissues# 
Leukocytes 
Composition in normal mice* The relative composition 
of the leukocytes of normal mouse blood, averaged over all 
seven strains, was found to bei $2% small lymphocytes, 2% 
large lymphocytes, 2% immature neutrophils, mature neu­
trophils, 2% eosinophils and 5% degenerates. In a preliminary 
study on the tail blood of ^ ese mice, a few basophils were 
seen. None were found in blood collected from the neck. 
Both juvenile and stab nuclears were defined as imma­
ture neutrophilis; only segmented nuclears were classed as 
mature. A gradual transition was observed from large imma­
ture lymphocytes to typical monocytes. For this reason, all 
mononuclears which lacked the ring-nucleus (typical of 
myelocytes) and which were larger than 10 miera in diameter 
were grouped as "large lymphocytes." In practice, this size 
was estimated to be one and one-half times the diameter of 
the erythrocyte. 
A greater coefficient of variation was found for the 
total leukocyte counts than for the absolute lymphocyte 
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counts. The higher coefficient reflects the great within-
strain variation of the neutrophils, which was especially 
aiarked after the second week of infection. The data on total 
leukocytes, neutrophils and lymphocytes are presented in 
Tables 12, 13 and 14. 
The total leukocyte counts were about 70% as great as 
those reported by Gowen and Calhoun (1943) for the tail 
blood of six of the strains. Kevertheless, the rank of 
these strains in regard to both total leukocyte and total 
lymphocyte levels resiained essentially the same. Qowen and 
Calhoun found the strain to be ranked in the same manner 
as they were in natural resistance with one exception: the 
EI strain had a higher total leukocyte count than did the 
more resistant (S) strain. This discrepancy was not observed 
in the present study. The L strain, however, had a lower 
leukocyte count than that of the more susceptible (Ba) 
strain. 
Gowen and Calhoun did not present the absolute number 
of lymphocytes, but this value was obtained for each strain 
by coffiputing the product of the mean total leukocyte value 
and the mean percentage value. Such calculations are not 
entirely valid due to the possible corelation of one cell 
type with high total counts. They will serve as an approxi­
mation, however. The estimated absolute lymphocyte values 
{expressed as thousands of cells /mm^ whole blood) were as 
follows: S-14, EI-15, Z-12, E-10, L-9 and Ba-7. These data 
Tabl© 12. Total leukocytes of seven mouse strains after inoculation of 2x10^ 
typhoid bacteria. Each mean represents leukocyte counts on the 
blood of five mice. (Thousands per cubic millimeter) 
Strain Days after first typhoid inoculation 
OC 1 1 2 4 7 14 21 42^ 44 46 6? 
s Mean_ 15.5 
1.2 
13.3 
0.7 
15.0 
0.7 
11.9 
1.1 
13.9 
0.6 
11.2 
0.7 
16.0 
1.0 
20.3 
2.7 
15.2 
1.8 
12.9 
1.5 
13.9 
2.5 
15.3 
2,1 
15.9 
2.7 
EI Mean 
S .E. 
14.1 
1.5 
13.7 
1.5 
10.5 
1.0 
9.5 
1.7 
8.7 
1.3 
9.3 
0.6 
13.3 
1.8 
12.8 
2.0 
18.6 
4.1 
10.8 
1.2 
10.9 
1.6 
12.2 
1.0 
12.2 
2.3 
K Mean 
S .E. 
10.2 
0.6 
12.6 
0.6 
10.5 
0.4 
6*4 
0.9 
7.6 
1.0 
6.7 
0.4 
14.7 
1.8 
19.3 
3.3 
19.9 
2.5 
11.8 
2.2 
13.0 
1.9 
13.1 
1.0 
11.8 
2.8 
Z Mean 
S .E. 
13.2 
1.0 
14.0 
3.1 
11.4 
0.7 
9.1 
1.1 
9.0 
0.1 
6.5 
1.4 
7.5 
1.1 
9.9 
1.9 
14.0 
1.0 
12.2 
0.9 
13.1 
1.4 
14.2 
2.9 
13.4 
1.2 
£ Mean 
S .E. 
9.7 
0.9 
10.8 
1.4 
8.3 
0.7 
8.8 
1.4 
8.0 
0.4 
5.2 
0,7 
L Mean 
S.E. 
7.4 
0.6 
7.0 
0.8 
6.6 
0.3 
6.7 
1.1 
6.1 
1.0 
4.7 
0.2 
Ba Mean 
S .E. 
8.1 
1.0 
9.2 
0.8 
8.1 
0.6 
4.0 
0.6 
4.9 
0.6 
3.5 
0.3 
a Standard error 
^ A second inoculation of 2x10^ typhoid bacteria was made on this day 
® Means in this column represent blood counts on ten mice 
Table 13- Neutrophils of seven mouse strains after inoculation of 2x10^ typhoid 
bacteria. Each mean represents blood counts on five mice. (Thousands 
per cubic millimeter) 
Strain Days after first typhoid inoculation 
0*^ ^ 1 2 3 4 7 14 21 42^ 44 46 63 
s Mean 1.5 0.7 0.4 2.6 2.7 3.3 5.4 8.4 3.6 0.2 2.8 4.5 2.1 
S.E.a 0.5 0.5 0.1 0.6 0.4 0.8 0.9 1.9 1.0 0.1 1.0 2.0 1.2 
EI Mean 1.1 0.4 0.3 2.4 2.4 3.0 4.9 8.5 8.8 2.5 2.5 2.7 2.9 
S cE • 0.4 0.3 0.2 0.9 0.6 0.6 1.0 2.1 3.3 0.4 0.7 0.5 1.3 
K Mean 1.2 0.6 1.9 2.1 2.6 2.4 7.7 17.1 12.4 5.2 5.1 4.3 3.7 
S.E. 0.4 0.2 1.6 0.1 0.6 0.5 1.6 5.2 3.0 1.4 1.5 1.1 1.6 
Z Mean 1.0 3.2 0.5 2.8 2.7 2.6 3.9 7.8 7.4 4.8 5.5 6.5 4.5 
S.E. 0.2 2.6 0.2 0.8 0.5 0.9 1.0 2.4 1.2 0.6 1.7 2.5 1.0 
£ Mean 1.1 1.2 0.4 3.6 3.8 2.7 
S.E. 0.3 0.^ 0.2 1.0 0.4 0.6 
L Mean 1.0 0.8 o.d 2.0 2.7 2.3 
S.E. 0.3 0.4 0.3 0.6 0.6 0.3 
Ba Mean 1.2 0.7 1.2 2.0 2.6 2.6 
S.E. 0.5 0.4 0.5 0.4 0.3 0.4 
® Standard error 
^ A second inoculation of 2x10^ typhoid bacteria was made on this day 
® Means in Uiis column represent blood counts on ten mice 
Table 14. Lymphocytes of seven mouse strains after inoculation of 2x10^ typhoid 
bacteria. Each mean represents blood counts on five mice. (Thousands 
per cubic millimeter) 
Strain Days after first typhoid inoculation 
0® h 1 2 4 7 llf 21 42^ 44 46 6? 
s Mean 12.7 11.4 14.3 8.6 10.4 7.1 9.4 10.4 10.4 11.7 10.3 10.0 12.6 
S.E.a 0.9 1.0 0.9 0.4 0.6 0.3 0.5 1.1 0.8 1.4 1.5 1.2 1.9 
EI Mean 12.2 12.7 9.6 6.6 5.5 5.7 7.2 3.4 8.4 7.4 7.4 8.2 8.3 
S,l. 1.3 1.3 0.8 0.7 0.6 0.6 0.7 0.4 0.5 0.8 0.7 0.7 1.1 
K Mean 8.5 11.5 8.0 3.8 4.6 3.7 5.7 0.9 6.4 6.0 7.1 7.7 7.0 
S.l. 0.4 o.d 0.7 0.1 0.3 0.2 0.6 0.3 0.6 0.8 0.7 0.6 1.0 
Z Mean 11.5 10.3 10.5 5.8 5.9 3.3 3.2 1.7 5.5 6.4 6.5 6.4 7.8 
S.E, O.g 0.6 0.4 0.6 0.4 0.4 0.2 0.6 0.4 0.5 0.9 0.5 0.3 
E Mean g.l 9.2 7.5 5.0 3.6 2.2 
S.E. 0.6 O.g 0.6 0.5 0.2 0.2 
L Mean 6.0 6.0 5.5 4.5 3.1 2.2 
S.E. 0.4 0.6 0.4 0.6 0.4 0.2 
Ba Mean 6.3 8.0 6.4 1.8 2.1 0.7 
S.E. 0.6 0.5 0.5 0.3 0.3 0.2 
® Standard error 
^ A second inoculation of 2x10^ typhoid bacteria was made on this day 
® Means in this column represent blood counts on ten mice 
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compare favorably with thos® prasantad in Table 14* 
When the absolmta neutrophil counts ware similarly 
calculated from the data of Gowen and Calhoun, no association 
with natural resistance was evident. The neutrophil data 
presented in Table 13 are too variable to warrant discussion 
of strain differences or comparison with other investigations. 
The existence of strain differences in normal lymphocyte 
levels might have been due to greater pituitary-adrenal 
activity in the susceptible mice. (Sowen and Oalhoun had sub­
jected their mice to stress by heating the tails in hot water 
for four minutes before drawing blood. In this study, the 
neck incision method was chosen in order to disturb the mice 
as little as possible before the bleeding. 
Mice selected for leukocyte counts were marked with a 
picric acid stain at least one week in advance. They were 
kept in cages with others of the same strain and (unless 
inoculated) they were not disturbed until the time of 
bleeding. Less than thirty seconds elapsed between the 
opening of the cage and the completion of bleeding. Yet, 
with all these precautions, the results were essentially the 
same as in the experiments of Gowen and Calhoun. This con-
traindicates a role of the adrenal cortex in the establish­
ment of low lymphocyte levels in susceptible strains. There­
fore, the low counts observed in these mice may reflect a low 
mesenchymal reserve. 
Although it is not probable, it is possible that the 
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correlation of high circulating leukocyte numbers with 
natural resistance may be attributed to chance. Evidence for 
this is found in the report of Weir (1952). Two mouse strains 
were selected for their divergent numbers of circulating 
leiikocytes. The strain with the higher white blood cell 
level was found to be more susceptible to S. typhimuriiim. 
Gomposition in infected mice. During mouse typhoid, the 
greatest change in the leukocytes occured on the second day 
of infection. At this time the lymphocytes decreased, the 
neutrophils increased and the eosinophils disappeared from 
the circulation. Seiffert et |d. (192S) reported that these 
leukocyte changes were first observed between the second and 
third days of mouse typhoid infection. 
Although all the leukocyte trends characteristic of 
mouse typhoid might be attributed to increased gluco-corticoid 
secretion, mention will be made of other possible explanations. 
The experiments of Lewis and Page (194^) indicated that 
Salmonella endotoxin had an action on lymphocytes (but not on 
eosinophils) which was independent of its stimulation of the 
adrenal cortex. Other workers have shown that it is unlikely 
that the endotoxins act directly upon the lymphocytes. 
Delaunay et j^.. (1949) found that neither adrenaline nor 
Salmonella endotoxin was harmful to lymphocytes in vitro. 
However, when adrenaline and lymphocyte suspensions were sim­
ultaneously injected into the skin of guinea pigs, the lym­
phocytes degenerated. This degeneration was concluded to be 
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the result of the vascular disturbance. These authors 
emphasiaed the similarity of the adrenaline lesions and those 
produced by typhoid endotoxin. 
Neutrophilia may be induced by either adrenaline or the 
leukocytosis-promoting-factor of inflaamatory exudates. 
Lymphopenia may be ellicited by leukopenin or histamine. The 
mouse, however, is extremely resistant to histamine. The 
author is aware of only one example of infection-anaphylaxis 
in intact (i.e. non-adrenalectomized) mice: the greatest 
mortality rate in the male mice of the most resistant strain 
(S) was observed immediately after the S. typhimurium inocu­
lation. When 642 male mice were infected, only 134 mice 
died during a 21 day period; 27 of these died in the first 
twelve hours of the infection, this was another suggestion 
of lower adrenal activity in this strain. Saunders (1951) 
found that the gluco-corticoids protected mice from anaphy­
laxis, but that desoxycorticoaterone did not have this 
action. 
The increase in immature leukocytes was evident by the 
third day after typhoid inoculation. The strain differences 
in cell maturity which are presented in Table 15 were not 
associated with natural resistance. Even when these values 
were expressed as thousands of cells per mm^, no correlation 
with resistance was evident. 
To make a more reliable presentation in Figure 16, the 
leukocyte observations were combined for days 0, i and 1; and 
Table 15. Maturity indices of neutrophils and lymphocytes of seven mouse strains 
after inoculation of 2x10^ typhoid bacteria. (Mature cells as per 
cent of total cells). 
Strain Days after first typhoid inoculation 
0 h 1 2  3 4 7 Ik 21 42^ Uk 46 63 
LtMPHOCITES 
s 99 99 99 97 95 94 96 97 95 93 86 84 88 
EI 96 9B 99 93 93 90 86 82 93 86 88 88 87 
K 97 99 99 94 95 82 64 79 84 77 74 76 75 
Z 96 97 100 95 96 85 74 71 88 87 83 80 82 
1 9S 99 100 96 71 68 
L 93 100 97 91 70 61 
Ba 98 100 98 65 37 21 
HEITTIOPHILS 
S 100 da 100 97 89 93 80 87 96 90 98 100 
RI 100 100 100 100 93 81 74 84 83 90 82 86 85 
K 9^ 96 100 99 95 90 74 82 90 96 94 95 95 
Z 100 97 100 98 94 86 88 87 90 95 92 92 97 
1 100 100 100 92 97 86 
L 100 96 BB 98 95 91 
Ba 100 100 97 98 92 85 
® A second inoculation of 2x10^ bacteria 'was made on this day* 
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Fig. 16 Comparison of neutrophils and lymphocytes of seven 
mouse strains after inoculation of 2x10^ bacteria, 
S. typhimurium. The resistance rank of each strain precedes 
its symbol. 
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for days 2 and 3# No consistant tima affects were evident 
within these two groups of data. 
In general, the strains retained their initial ranks in 
respect to lymphocyte level throughout the infection. In the 
firat four days of the infection, there were no strain dif­
ferences in the numbers of lymphocytes which disappeared from 
the circulation. Perhaps significant differences could have 
been de®onstrated if more data had been available or if con­
secutive determinations had been made on the same aniaal. It 
is difficult to reconcile identical decreases in lynphocytes 
with differential increases in globulin. On the other hand, 
there may have been a tendency for the lymphocytes to de­
crease at a rate proportional to the nmbers present in the 
blood. Such an exponential relationship, superifflposed upon 
the diversity in initial lymphocyte levels, might have 
masked the greater dissolution of fixed lymphatic tissue 
which was reported by Oakberg (1946) to be characteristic of 
susceptible mice. It may be seen in the third graph in 
Figure 16 that the rate of decrease in circulating lymphocytes 
was greater in the susceptible strains. 
After the first week of infection, the anticipated 
strain differences in the rates of lymphocyte decline became 
evident. The lymphocytes of the S strain began to rise 
toward the normal level. Those of the next ®ost resistant 
strain |1I| continued to decrease until the laiddle of the 
third week. The lymphocytes returned to norraal much more 
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slowly in the relatively susceptible (K and 2) strains. The 
greater lymphopenia in these strains was associated with 
higher levels of serum globulins. This may be seen by compar­
ing Figure 17 with figure 11. 
After the second week of infection, the neutrophils were 
significantly higher in the susceptible (K and Z) strains. 
Again it was evident that in diseased animals, even the pro­
tective mechanisms may find greater expression in innately 
susceptible animals. If any pathological change had been 
more extreme in resistant animals, it might have been inter­
preted as a basis for natural iffliaunity. Lurie et (1951) 
were fortunate to find such a relationship in regard to 
adrenal hypertrophy in tuberculosis. In the present study, 
no conclusive evidence for a role of the adrenal in mouse 
typhoid could be established by the pathology observations. 
Therefore, a brief investigation was undertaken to compare 
the responses of the aiee to cortisone. 
The Effects of Cortisone Treatment 
Leukocytes 
The leukocyte studies of coz^tisone-treated mice and their 
litter-mate controls are sumiaarized in fable l6. The rate of 
decrease in the numbers of circulating lymphocytes in S mice 
was as great as that reported by Quittner et al. {1951)« 
They found that the lymphocytes dropped to 70% of their 
initial values within four hours after the subcutaneous 
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Fig. 17 Leukocytes of resistant and susceptible mice after 
two inoculations of 2xl05 typhoid bacteria (indicated by 
arrows). Legend: solid line - neutrophils; dotted line -
eosinophils; dashed line - lymphocytes. 
fable 16. Lymphocytes and neutrophils of two mouse strains after subcutaneous 
injection of 1 rag. cortisone acetate. Each mean represents leukocyte 
counts on the blood of five female mice. (Thousands per cubic millimeter) 
Time after injection of 1 h^. cortisone acetate 
Hours Days 
Strain 0^ 4 12 2 4 7 
Lymphocytes 
s Mean 
c t? S 0 • 
13.9 
0.5 
4.3 
0.6 
2.6 
0.5 
3.^ 
1.1 
14.4 
3.0 
14.0 
2.4 
Ba Mean 
S.E. 
5.5 
0.5 
3.0 
0.7 
1.9 
0.2 
2.1 
0.4 
Neutrophils 
5.2 
1.1 
5.0 
0.6 
S Mean 
S.E. 
1.6 
0.2 
1.6 
0.6 
1.2 
0.3 
5.4 
0.7 
11.9 
1.6 
13.6 
1.9 
Ba Mean 
S.E. 
6.5 
0.7 
5.5 
0.8 
4.2 
0.7 
g.4 
1.3 
9.2 
1.6 
9.5 
0.9 
® Standard error 
^ Means in this column represent leukocyte counts on the blood of ten miee. 
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injection of 2,5 ffig« of cortisone. light hotirs after the 
injection, the numbers of neutrophils in the bone marrow 
increased. This stinmlation of myelocytic proliferation was 
sustained for a week. Quittner and coworkers stated that the 
lymphocyte counts on blood taken from the neck were unsatis­
factory. Consecutive observations on the same animal were 
required to control the great variation in the initial 
leukocyte pictures. In the present study, there was little 
variation within each strain and serial sampling was not 
essential. 
These data were assembled in two experiments. In one 
replicate, a control mouse and three treated mice from each 
strain were bled at each time. In the second replicate, two 
treated animals were compared with each control. Ho con­
sistent time effects were noted in the control counts, so 
they were combined to give the time "0" values. 
It may be seen in Figure 1^ that the lymphocytes decreas­
ed more rapidly in the resistant (S) mice. This fact may be 
interpreted in several ways: (1) The lymphocytes of the S 
strain may have been more sensitive to cortisone per ae. In 
a study of the eosinophil responses of adrenalectomiged mice, 
Wragg and Speirs (1952) found that five inbred strains were 
sensitive and four were relatively insensitive to cortisone. 
(2) It is known that an animal is more sensitive to a hormone 
that it lacks. The greater response of the S mice may have 
been due to a low normal activity of the adrenal gland. This 
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Fig. 18 Comparison of neutrophils and lymphocytes of tX'x'o 
mouse strains after cortisone adm.inistration. 
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interpretation is supported by the observation that the rise 
in neutrophils was also greater in these resistant miee, (3) 
The decrease in eiremlating lymphocytes may not have been 
proportional to the effect of cortisone on the fixed lymphatic 
tissue. Cortisone-induced lymphopenia reflects primarily the 
lowered rate of release of the cells from the lymph nodes. 
The true relationship may have been obscured by the strain 
difference in initial lymphocyte levels and a tendency for the 
circulating cella to decrease at a rate proportional to the 
nwber present in the blood. Because the results of this 
preliminary experiment were difficult to interpret, the 
studies of cortisone-induced lymphopenia were not extended. 
Serum protein 
Cortisone wa@ suspended in a sample of normal aerun and 
the mixture was incubated for one hour at 37®C. After the 
undissolved hormone was removed by centrifugation, the serum 
was analyzed by electrophoresis. It was concluded that corti­
sone did not effect either the mobilities ©r the concentra­
tions of the serum proteins to vitro. 
The sera of normal S, £ and Ba mice were analyzed one day 
after the injection of each mouse with 1 mg. of cortisone. 
The total serum protein showed a 9^ mean increase over the 
control values, but the electrophoretic analyses were within 
the normal range. This confirmed a similar report by Milne 
and White ^1949). If the increase in total serum protein 
were due to hemoconcentration, one would expect to find higher 
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hematocrit values after the hormone treatment. However, 
inspection of Table 17 will reveal that the packed cell volume 
of whole blood remained essentially constant after cortisone 
administration. These values were obtained from the same mice 
on which the lymphocyte counts were made* The results are in 
agreement with the observations of Quittner et al. (1951) 
that the hemoglobin and erythrocyte counts of mice were not 
altered after massive injedtions of cortisone. 
Table 17. Packed erythrocyte volumes of two mouse strains 
after subcutaneous injection of 1 mg. cortisone 
acetate. Each mean represents leukocyte counts 
on the blood of five mice. (Per cent of whole 
blood) 
Days after cortisone injection 
Strain ob 1 2 4 
S Mean 
S.E.® 
43.4 
0.4 
42.4 
0.5 
43.6 
0.6 
43.8 
0.8 
Ba Mean 
S.E. 
46.8 
0.4 
46.6 
0.8 
47.2 
0.7 
47.0 
0.8 
® Standard error 
^ Means in this column represent leukocyte counts on the 
blood of ten mice. 
Another explanation of the increased total protein values 
may have been the decrease in capillary permeability which 
is known to follow cortisone administration. Few studies have 
been made on the plasma proteins when permeability has been 
decreased. Therefore, one must reason from the opposite 
situation. In those disorders characterized by increased 
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permeability (e.g. secondary shock and inflammation), serum 
protein escapes into the tissues and hypoproteinemia results. 
When the hormone dose was increased to 2 mg., strain 
differences in response to cortisone were evident in the elec-
trophoretic patterns. The protein analyses are listed in 
Table 1^ and the patterns are illustrated in Figures 19 and 
20# In the sera from the more susceptible mice of the K and 
2 strains, the geaiiaa globulins rose at least 30^, while the 
other ©erum proteins increased only about 15^. Both the 
relative and the absolute concentrations of garama globulin 
were higher after cortisone administration than after a 
second typhoid inoculation. 
An increase in the alpha-1 globulin fraction was the 
characteristic response to cortisone in mice of the most re­
sistant fs) strain. Although the percentage coaposittosi ©f 
the other proteins decreased after ccrtisone treatment, their 
absolute concentration remained essentially the same* This 
was due to the sinultaneous rise in total protein. 1%e alpha-
1 globulin observed in cortisone-treated B mice had also been 
observed in five of the six sasples fron untreated iwune mice 
of this strain. It had never been observed in sera of feaale 
mice fro® any other strain. In a preliminary study, Thoopson 
(1951) reported that this alpha-1 globulin ma present only 
in the sere of sale mice. Hie concentration of the component 
was saall and its expression variable. This alpha globulin 
may function in the transport of steroid hormones. 
Table 18. Electrophoretic and taicro-Kjeldahl analyses of immune sera drawn from 
mice treated with cortisone. Each sample contains the pooled sera of 
at least six female mice. (Per cent of total serum protein; grams 
per cent of serum). 
Days after subc, injection of 2 mg. cortisone 
0 2 4 
Pattern 
Strain Protein A D A D A D 
s Albumin 65.6 64,8 68,6 58,4 56,9 60,9 
% Globulin 
Alpha 8,2 9.7 10,0 20.6 21,6 21,8 
Beta 19.5 15,4 15,1 14,1 15,2 12,6 
Gamma 6.7 10.1 6.3 6,9 6,3 4,7 
Grams total protein 6,4 7,7 7,2 
K ! Albumin 46.6 50.5 46,2 44,2 45,1 41,7 % Globulin 
Alpha 12,8 12,7 11.2 10.4 10.4 11,6 
Beta 21.3 21,4 23.2 20,6 24,3 20,0 
Gamma 19,3 15,4 18.7 24,8 20,2 26.7 
Grams total protein 6,7 8,0 8,0 
Z i Albumin 40.0 40,1 51,7 46,9 40.7 44,4 % Globulin 
Alpha 12,0 12,9 12,0 13.3 11.2 14,1 
Beta 28.2 27,6 17.1 17,7 21.9 18,3 
Gamma 19,8 19,4 19,2 22,1 26.2 23.2 
Grams total protein 6,9 8,3 7,8 
Figure 19* El«etrophor«tie patt«riis of fiv« pooled sera 
drawn from miee of the Z strain. These miee 
were immimiaed by injeetlon of 2x105 typhoid 
bacteria (S. tYphimariw)* On the forty-
second day""after this inoculation, they 
reeeiTed the treatments enumerated below: 
Pattern 1. 
Pattern 2* 
Pattern 3. 
Pattern 4« 
Immune serum, control. 
Immune serum drawn four days after 
a second inoculation of 2x10^ 
typhoid bacteria. 
Immune serum drawn four days after 
injection of two milligrams of 
cortisone* 
Another aliquot of the serum shown 
in pattern 3. This sample was 
incubated with a suspension of 
!• typhimurium before electropho-
retie analysis. 
Oortisone administration increased both the relative and 
absolute concentrations of gamma globulin in the serum of 
mice of the Z strain. It is evident that the agglutinins 
to S. typhimurium were concentrated in the gamma globulins. 
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Figure 20. Electrophoretic patterns of five pooled sera 
drawn from mice of the S strain. These mice 
were imiBuniased by injection of 2x10^ typhoid 
bacteria (S. typhim^im). On the forty-
second day""after this inoculation, they re­
ceived the treatments enumerated below. 
Pattern 1, 
Pattern 2. 
Pattern 3* 
Pattern 4* 
Pattern 5. 
An alpha-1 globulin is often visible in the sera of immune 
mice of the S strain. Cortisone administration increases 
both the relative and absolute concentrations of this 
protein. The concentrations of the other proteins remain 
essentially the sarae, due to a concurrent rise in total 
serum protein. The antibodies to S. typhimurium are con­
centrated in the gamma globulins. 
Immune serum, control. 
Immune serum drawn four days after 
a second inoculation of 2x10^ 
typhoid bacteria. 
Immune serum drawn two days after 
injection of two milligrams of 
cortisone. 
Immvtne serum drawn four days after 
injection of two milligrams of 
cortisone. 
Another aliquot of the serum shown 
in Pattern 4* This sample was 
incubated with a suspension of 
typhimurium before electropho-
retic analysi s. 
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Thus, it is seen that cortisone duplicates the alpha-1 
globulin response of resistant mice and the gamma globulin 
response of susceptible mice to Infection with S. typhimurium. 
This indicates that the pathological changes of mouse typhoid 
may, in part, be due to increased adrenal secretion. 
Mortality in mouse typhoid 
Cortisone pretreatment lowered the natural resistance of 
mice to Sm typhipurium* As little as 0.25 mg* of the hormone 
reduced the mean survival time of males of the Ba strain from 
5.6 ± 0»1 to 4*9 * 0*1 days. The observations on the 14^ 
cortisone-treated mice and their litter-iaate control# are 
presented in Table 19. Ih t similar experiaent on 56 pairs 
of mice, 0.01 rag. was found to have no significant effect on 
resistance. 
Syverton et al. (1952) used cortisone and x~radiation as 
aynergiatic agents to lower the resistance of mice to a 
Coscsackie virus. In irradiated mice, less than 1 mg. of cor­
tisone was effective in increasing mortality. However, cor­
tisone alone was not effective unless used in dosages of from 
2 to 4 fflg. This range is representative of the quantities 
necessary to lower resistance to a variety of pathogens. The 
fact that such small amounts of cortisone were effective in 
mouse typhoid suggests that in this disease the normal adrenal 
cortical secretions may have been a detriment to natural re-
resistance. 
It was found that greater doses of two other potent 
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Table 19. Distribution of deaths of control and cortisone-
treated male mice of the Ba strain. Each treated 
mouse received 0.25 mg. cortisone acetate one day 
before inoculation of S. typhlmurium. 
Experiment Day of infection 
3 4 5 ' 6 7 S 
Total 
9 
A Control 0 3 26 30 4 0 0 63 
Treated 0 12 34 16 1 0 0 63 
B Control 0 4 17 12 3 1 1 3S 
Treated 3 19 12 3 1 0 0 3S 
C Control 0 & 14 16 6 2 1 47, 
Treated 1 17 15 12 2 0 0 47 
Table 20. Survival of control and cortisone-treated female 
mice of seven strains during mouse typhoid. Each 
treated mouse received 1 mg, cortisone acetate one 
day before the inoculation of S. typhlmurium. 
Strain Per cent 
Survived Total Survived 
S Control 42 42 100 
Treated 39 42 93 
RI Control 21 24 U 
Treated 1 24 4 
K Control 17 24 71 
Treated 0 24 0 
Z Control 33 63 52 
Treated 0 63 0 
£ Control 10 22 45 
Treated 0 22 0 
L Control 10 ^3 12 
Treated 0 83 0 
Ba Control 0 122 0 
Treated 0 122 0 
110 
steroids had no effect upon typhoid resistanee. Subemtaneoms 
injeetions of progesterone or desos^eorticosterone aeetate 
{suspended in sesame oil; Sobering Sorporation) were given 
one day before the typhoid inoculation, laeh homone dose 
was tested on ten treated miee and their litter«Mate controls. 
In dosages of 0.1 and 1.0 mg. these steroids did not sig­
nificantly prolong the swvival of male mice of the Ba strain. 
In quantities of 1, 5 and 10 mg., neither hormone lowered 
the typhoid resistance of male 2 mice. This indicates that 
steroids^ even in huge dosages, do not lower resistance 
mles8« like cortisone, they have a specific action in mouse 
typhoid. 
In the experiments now to be described, larger amomts 
of cortisone (1 to § mg.) were used. Many workers have 
criticised such "massive doses* and have stated that their 
use would produce an "unphysiologic" condition. In the aouse, 
a cortisone dose of only 0.01 to 0.05 mg. would be {on a 
ffig./kg. of body-weight scale) equivalent to the daily amounts 
given to arthritic patients. 
It must be remembered, however, that in this study only 
one homone injection was given to each animal. The subse­
quent lymphopenia was sustained for two days, a fact which 
indicates that the subcutaneous depot was gradually absorbed. 
Quittner et al. (1951) reported that deposits r^ained in the 
subcutaneous tissues for a week after a single Injection of 
2.5 ffig. of cortisone. Furthermore, while weight-dosage rela-
Ill 
tlonahips are usefiil within a speeies, they may be misleading 
when different species are compared. Saunders (1951) deter­
mined the amotmt of adrenal extract necessary to restore the 
anaphylaxis-resistance of the adrenalectomised raomse* He 
concluded that "the aiomse possesses an extremely active 
adrenal gland** (p-liS). Halpern et i^L. (1952) used more 
than 1 mg. of cortisone to protect adrenaleetomised mice 
from histamine anaphylaxis* 
Syverton et al. (1952) found evidence of cortisone 
toxicity in mice only with doses greater than 6 stg. Tounger 
mice, from two to three months of age» tolerated 4 mg» cor­
tisone injections without pathological changes. In the 
present study, a 5 mg* dose of cortisone had no significant 
effect on the body weights of six mature male S mice when 
they were compared to their litter-mate controls. The corti­
sone experiments will therefore be interpreted as responses 
to increased but physiological concentrations of a noraal 
body constituent. 
The data in Table 20, which are illustrated in Figure 
21, indicate the effect of a 1 mg. dose of cortisone on the 
mortality of seven strains during mouse typhoid infection. 
The effects of graded doses on resistance may be seen in 
Figure 22 and in Table 21. All subsequent tables in the text 
will present only a summary of dosage-survival rates. The 
distributions of deaths over the 21-day test period appear in 
the appendix. In general, this mortality data gave a linear 
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Fig. 21 Comparison of the survival of control and cortisone-
treated female r^ice of seven strains during mouse typhoid. 
Legend: solid line - controlsr dashed line - cortisone treated. 
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relationship between survival probits and logarithms of 
dosage. 
A gromp of the most resistant (S) miee were pretreated 
with 4 iHg. of cortisone and were killed on the fourth day 
of typhoid infection, fwo electrophoretic analyses estab­
lished their semw composition to be 3^ albumin, Z6% alpha, 
315^ beta and 5^ gamma globulin. 
fable 21. Survival of control and cortisone-treated female 
mice of the S strain after inoculation of 23e105 
typhoid bacteria. Each tra&ted mouse received a 
subcutaneous cortisone injection one day before 
the intraperitoneal inoculation of S. tvphinurii^. 
Cortisone 
dose Survived Total 
Per cent 
survived 
0 42 42 1©0 
1 mg. 39 42 93 
2 mg. 3 36 $ 
4 mg. 0 36 0 
Blood counts on five ®ice indicated the lymphocyte level to 
be 2.2 ± 0.1 thousand cells per ma?. These protein and 
lymphocyte values were typical of innately susceptible strains 
on the fourth day of infection. It is seen in Figure 22 that 
this 4 ffig# dose of cortisone also produced the mortality 
c\irve which was characteristic of susceptible mice during 
typhoid infection. 
Much of the variation observed in the first mortality 
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«xp«rira«ii%s was a rasult of an «nvironm«ntal affact, Inspac-
tion of Tabl® 22 will ravaal that aaeh iosa of cortisona had 
a graatar affaet in lowering resistanee at the warmer temper-
&twr9* A part of these data is illustrated in Figtire 22. 
Only the comparisons of eortiaone-treatad mice and their 
litter-raate controls were valid here. Because only one in­
fection room was available, the temperature comparisons had 
to be made on mice inoculated at different times, leverthe-
lesa, the temperature effect was consistent from one exper­
iment to another. In subsequent studies, an air conditioning 
unit was e®ployed to hold the room teaiperature between 72® 
and 76°F» The a^rtality data in fables 23 and 24 were ob­
tained from mice maintained in this environment during the 
treatment. 
Cortisone had the greatest effect when administered two 
days before or after the typhoid inoculation. This fact is 
evident in the data listed in fable 23 and illustrated in 
Figure 23. Squal mmbers of mice in each strain were assigned 
at random to groups which were inoculated with 3, typhiaiurium 
on the same day. These groups received the same cortisone 
dose at varying tiaes before or after the typhoid inoculation. 
VJhen cortisone was given after the typhoid inoculation, there 
were two ways of calculating the mean day of death values. 
The survival could have been measured (1) from the time of 
typhoid inoculation or (2) from the time of the cortisone 
injection. Although both methods were open to criticism, the 
Table 22. Survival of control and cortisone-tr«at®d mice maintained in two 
envivonmental temperatures after inoculation of 2x10' typhoid bacteria. 
Each treated mouse was given a subcutaneous injection of cortisone 
acetate one day before the intraperitoneal inoculation of S. typhimurium. 
Z Females Z Males EI Males 
Sur­ Per cent Sur­ Per cent Sur­ Per cent 
Experiment vived Total Survived vived Total Survived vived Total Survived 
A® Control^ , 34 40 85 52 71 73 
Treated^ 21 40 52 43 71 61 
B Control 23 34 68 45 52 86 
Treated 0 34 0 41 52 79 
C Control la 26 69 10 22 45 33 45 73 
Treated 0 26 0 0 22 0 0 45 0 
D Control 33 63 52 
Treated 0 63 0 
E Control 50 61 82 
Treated 0 6l 0 
^ Temperature range during experiments A and B: 70 - 7^° F 
Temperature range during experiments C, D and 1; §5 - 96® F 
^ Each treated mouse in the E strain was given 1 mg. cortisone 
Each treated mouse in the RI strain was given 2 mg. cortisone 
117 
Table 23. Mean days of death of cortisone-treated mice 
during mouse typhoid. 
Strain 
Sex 
Cortisone 
dose 
Interval® Mean day of death 
maximum value: 30 
Sur* 
vived 
Total 
S 5 mg. P-7 30.0 10 10 
male P-4 11.4 2 10 
P-2 5.2 0 10 
P-1 5.5 0 10 
0 5.6 0 10 
2 5.3 0 10 
4 12.7 0 10 
7 Ig.l 3 10 
14 26.1 6 10 
K 2 mg. P-7 22.0 8 14 
male P-4 9.4' 0 14 
P-2 5.0 0 14 
P-1 5.2 0 14 
0 5.0 0 14 
2 5.4 0 14 
4 16.2 2 14 
Z 2 mg. P-7 22.8 15 18 
male P-4 8.0 0 18 
P-2 6.8 0 18 
P-1 4.7 0 18 
0 4.3 0 18 
2 5.6 0 18 
4 16.2 0 18 
Ba 1 rag. P-7 4*8 0 15 
female P-4 4.1 0 15 
P-2 3.5 0 15 
P-1 3.5 0 15 
0 3.4 0 15 
^ Time (days) between typhoid and cortisone injections. 
The letter P indicates that the cortisone injection 
preceded the typhoid inoculation. 
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first was ehosen for graphic presentation. 
Because the experiments on the three strains were done 
at different times, strain comparisons were not valid. 
However, it was evident that each replicate, though on a 
different strain, was consistent: cortisone had the greatest 
effect in decreasing typhoid resistance in the same four day 
period, eofflparison of Figmres 1# and 23 reveals that when 
cortisone was given two days previously, the mice were inoe-
mlated with S. typhiiiariiua at a time when their leukocyte 
picture was characterized by lyiaphopenia and neutrophilia. 
Mice treated in this manner were more susceptible to typhoid. 
Another experiiaent also indicated that the neutrophil 
was relatively unimportant in typhoid resistance. Eighty 
female Ba mice were each injected with 1 mg. of cortisone. 
When inoculated one week later with S. tvphiauriuBi. these 
mice showed no significant increase in resistance, as compared 
to their litter-mate controls. The mice were representative 
of the cortisone-treated population u®ed in the leukocyte 
studies summarized previously in Table 16. At the time of 
infection, it is probable that their mean neutrophil count 
was higher than that of the controls. 
Inspection of Table 24 will reveal that imaunized mice 
and their litter-mate controls responded differently to 
identical doses of cortisone during S. typhiaurium infection. 
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Table 24. Bwrwiral of imiBune and normal male miee of the 
S strain during mouse typhoid. Each hormone* 
treated mouse reoeived one subcutaneous injection 
of 5 Big* of cortisone acetate the day before the 
intraperitoneal inoculation of S. typhimurium* 
Cortisone Previously Total Survived Per cent 
treated immunized survived 
+ 26 26 100 
50 50 100 
f + 50 49 9i 
t 50 0 0 
Fifty sets of mice, each set comprised of three litter-mates, 
were used in this experiment. The mortality data of 26 
untreated iflimune mice were also included in Table 24, 
although these animals were infected by a different inoculiM. 
In Figure 24, their mortality data were combined with those 
of the untreated normal mice. The differential survival 
indicated that cortisone did not lower natural resistance by 
abolishing the immune response. This confirmed a similar 
finding by Thomas et al. (1951). 
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SWMAII AND 0OHeX.tSIOiS 
The seven inbred aouse strains msed in this stmdy were 
ehosen for their wide range in natural resistance to 
Salmonella typhimariw* The investigation was designed to 
compare the responses of resistant and susceptible mice both 
to cortisone and to momse typhoid infection. The data 
warranted the following concltisionss 
1. Certain characteristics of ®omse typhoid infection 
which had been described in earlier investigations were con­
firmed in this study. In the first week of infection, the 
circulating neutrophils increased, the eJfythrocytes and 
lymphocytes decreased, and the eosinophils disappeared l^om 
the blood. The spleen tripled in weight. By the second 
week of the infection, agglutinins specific for S. typhiMurium 
were present in the blood. 
2. A study was made of certain pathological changes 
which had not been previously described. The blood volme 
often increased; the relative erythrocyte volume decreased 
during the infection. As a result, the plasma volume in­
creased up to 20^ in son» strains. Plasma fibrinogen and 
the alpha and beta globulins increased in concentration while 
the albumin decreased. Bue to the increased plasma volume, 
these relationships were valid whether the proteins were ex­
pressed as grams per cent of serum or as grans in total 
plasma. Because the urine protein tests were negative and 
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beeatis® the plasma fibrinogen increased, it was concluded 
that the decline in serum albumin could not be attributed to 
either liver or kidney damage. 
3, Significant time relationships were established, 
the increase in the alpha and beta globulins was maximum at 
the time of the greatest dissolution of lymphatic tissue, as 
estimated by the decrease in the circulating lymphocytes. 
km the gamma globulins did not increase until the 
second week of infection. Electrophoretic analyses of sera 
before and after their incubation with the eellular antigen 
indicated that the gaiama globulins consisted, for the most 
part, of specific agglutinins to S. typhiMuriuai. 
5. Strain differences were observed in the electropho­
retic patterns and total protein concentrations of normal 
senm, in the noiroal body weights and packed erythrocyte 
volumes of whole blood, and in both the initial weights of 
the spleen and the rates of spleen enlargement in infection. 
None of these differences were associated with innate resist* 
ance to S. tvphigturiuffi. 
6. Other strain differences in response to infection 
were found to be correlated with natural resistance. Anemia, 
lymphopenia, loss of body weight, decrease in serum albumin, 
and increase in the alpha and beta globulins were most 
extreme in the susceptible laice. In respect to all these 
traits, the seven strains were almost identically ranked in 
resistance and in the magnitude of the response. 
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?. The responses of the nemtrophils, agglmtlnlns and 
gafflma globulins were also found to be greater in susteptible 
laiee* Beeauae these three responses are known to be protee-
tiTe Bieohaniams, it is possible that all the traits listed 
above were correlated with resistance because they were the 
results, not the causes, of innate iffl®anity. 
The most significant clue to the basis for natural 
resistance was the correlation of low lymphocyte count with 
low innate resistance in uninfected mice - a relationship 
which had previously been established in these strains by 
other workers. This correlation was ©onfir®ed in the present 
study although the method of bleeding was designed to put a 
minimuui of stress upon the mice. This fact damages the 
hypothesis that low lymphocyte counts (and low natural resist­
ance) were a result of increased adrenal secretion* 
9* Although there was insufficient ^vl^ence to implicate 
the adrenals as a basis for the differential resistance of 
these seven strains, there was ample evidence that the 
adrenals had an expression in mouse typhoid pathology? 
(1) Cortisone adiainistration altered the protein composition 
of serum. It accentuated the strain differences in electro-
phoretic patterns which appeared during mouse typhoid. (2) 
Oortisone lowered the resistance of all mice to 
§L* typhimurium. It was effective in dosages which were 
neither '•unphysiologic*' nor toxic. Massive doses of two 
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other steroid hormones, progesterone and desoxyeortieosterone, 
did not deerease natural resistanee. It was eonelmded that 
the harmful action of cortisone could not be attributed to 
the general effects of hormone over-dosage. (3) the cortisone 
dose which caused the most resistant mice to have the mor­
tality curve characteristic of susceptible mice also caused 
theai to have a similar serum protein composition and lympho­
cyte count during mouse typhoid. 
10. Pretreatment with cortisone was most effective in 
lowering natural resistance when administered two days before 
the typhoid inoculation* It was established that when mice 
were pretreated in this way, their leukocyte pictures were 
characterized by lymphopenia and neutrophilia. It was con­
cluded that the lymphocyte was of greater importance in 
establishing natural iramunity than was the neutrophil, 
11. Cortisone had a differential effect on the survival 
of immune and nomal mice which were infected by identical 
bacterial inoculations. A hormone dose which reduced the 
survival of normal resistant mice from 100^ to had no sig­
nificant effect on iiraune mice. 
12. Cortisone increased the concentration of total 
protein in serum. Because hematocrit values were not sig-
nificantly altered, it was concluded that this hyperpro-
teinemia could not be the result of hemoconcentration. 
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Table A. Distribution of deaths of female mice inoculated 
with 2x10^ typhoid bacteria, Salmonella 
typhiiBurium IIC. 
Days after 
inoculation 
S 11 K 
Strain 
Z E L Ba 
3 0 0 2 1 1 0 34 
4 0 0 9 3 9 1 130 
5 0 0 10 5 63 4 175 
6 0 0 15 17 65 14 135 
7 0 1 19 20 53 13 45 
8 1 1 15 19 37 30 21 
9 0 2 14 31 27 24 17 
10 0 2 16 30 13 26 10 
11 2 1 12 32 10 39 3 
12 0 1 10 32 4 42 4 
13 0 1 10 22 0 34 1 
14 0 2 14 21 4 25 3 
15 0 0 10 12 5 23 2 
16 0 1 10 14 2 13 4 
17 0 1 8 7 2 3 2 
18 0 1 6 2 0 2 0 
19 0 1 3 4 1 1 0 
20 0 0 0 4 0 0 0 
21 0 0 0 0 0 0 0 
Survived 910 202 527 770 93 B9 1 
Total 913 217 708 1045 38B 3^3 553 
Per cent 99.7 93.1 74.4 73.7 24.0 23.2 0.2 
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Table B. Body weights of five mice in each of seven strains 
after inoculation of 2x10^ typhoid bacteria. (Grams) 
Strain Mouse Days after one typhoid inoculation 
0 2 4 7 14 21 
s A 24*0 24.5 25.0 25.5 26.0 27.0 
B 26.5 27.5 26.5 27.0 27.5 27.0 
C 23.5 23.5 23.0 24.0 24.0 24.0 
D 31.0 31.0 30.0 30.0 30.0 30.5 
E 24.0 24.0 23.5 24.0 24.0 24.0 
RI A 29.5 29.5 2i.5 2g.5 29.0 28.5 
B 2S.0 2B,0 27.0 2$,0 28.5 28.0 
C 31.5 31.5 30.5 31.0 31.5 31.5 
D 32.0 31.5 30.5 31.5 31.5 32.0 
1 35.5 35.0 32,0 34.0 34.0 34.0 
K A 25.0 24.0 23.0 22.0 22.0 23.0 
B 25.0 25.0 23.0 25.0 25.0 24.0 
C 24.0 23.5 23.0 22.0 23.0 23.5 
D 23.0 22.5 21.0 22.0 22.0 21.5 
£ 24.0 23.0 21.5 21.5 22.0 21.5 
Z A 22.0 22.0 21.0 24.0 24.0 22.5 
B 22.5 23.5 23.0 25.0 25.0 24.0 
C 23.0 22.0 22.0 25.0 24.0 23.5 
D 22.0 21.0 21.0 23.0 24.0 21.5 
E 23.0 23.0 22.0 22.0 23.0 23.0 
Strain Mouse 0 1 2 3 4 
£ A 25.0 23.5 22.0 21.5 21.0 
B 22.0 21.0 20.0 20.0 20.0 
C 21.5 21.5 21.5 21.5 20.0 
D 23.0 22.0 21.0 20.5 19.5 
£ 23.0 22.0 21.0 20.0 19.0 
L A 21.0 20.5 20.0 20.0 20.0 
B 24.0 23.5 23.0 22.0 20.0 
C 25.0 25.0 25.0 24.0 22.5 
D 23.0 23.0 23.0 22.0 20.0 
E 24.0 23.5 23.0 21.5 21.0 
Ba A 23.5 22.5 21.5 20.0 18.0 
B 24.5 23.5 22.0 21.0 19.0 
C 24.0 23.0 22.0 20.5 17.5 
D 22.0 21.0 20.0 IS.5 17.5 
E 24.0 23.0 21.5 19.5 18.0 
Table C. Electrophoretic analyses of thirty sera from normal mice of eleven strains. 
Each sample contains the pooled ser® of at least ten mice. 
{Per cent of total serum protein) 
Protein Electrophoretic analyses 
Albumin 62,3 52.0 62.7 58.5 66.6 62.1 57.2 65.3 65.3 51.4 64.2 62.6 64.7 60.0 59.3 
Globulin 
Alpha 11.9 19.4 13.0 13.0 9.6 12.8 11.0 12.9 10.8 12.4 10.8 12.9 9.0 10.0 10.5 
Beta 19.6 20.6 18.3 20.2 16.5 17.4 23.8 17.5 18.8 29.6 19.2 19.4 19.3 21.2 21.6 
Gamma 6.2 8.0 6.0 8.3 7.3 7.7 8.0 4.3 5.1 6.6 5.8 5.1 7.0 8.8 8.6 
Albumin 63.7 62.3 60.1 62.6 60.1 66.2 61.8 57.5 64.4 64.2 57.8 54.4 55.5 58.4 59.2 
Globulin 
Alpha a.9 12.5 11.2 16.2 16.0 11.4 9.4 13.0 11.4 11.3 11.5 14.2 14.8 10.6 10.4 
Beta 20.5 20.0 20.5 15.4 17.6 l6.6 22.1 23.9 18.3 17.9 22.2 26.0 21.3 23.5 24.1 
Gamma 6.9 5.2 8.2 5.8 6.3 5.8 6.7 5.6 5.9 6.6 8.5 5.4 8.4 7.5 6.3 
Table D. Agglutinin titres of four mouse strains after inoculation of 
2x105 typhoid bacteria. (Greatest serum dilution producing 
flocculation - in hundreds) 
Strain Days after first typhoid inoculation 
0-4 7 14 21 42  ^ 44 46 63 
s 0 0 0 20 80 20 80 100 40 
0 0 10 20 80 400 200 100 80 
0 0 10 40 200 400 400 100 200 
0 0 so so 400 800 400 aoo 200 
0 10 100 ao 1000 aoo 1000 4000 2000 
EI 0 0 0 10 0 40 80 100 20 
0 0 0 20 200 100 80 100 80 
0 0 10 20 200 100 200 200 100 
0 0 10 20 200 aoo 400 400 800 
0 0 80 80 400 2000 1000 800 800 
K 0 0 0 40 40 200 100 100 400 
0 0 0 40 200 400 100 200 800 
0 0 20 ao 200 400 400 400 800 
0 0 40 go aoo 1000 800 1000 1000 
0 0 100 80 aoo 1000 8000 2000 1000 
Z 0 0 0 20 200 100 400 800 200 
0 0 10 20 400 800 400 2000 200 
0 0 20 20 400 1000 400 2000 200 
0 10 40 ao BOO 1000 4000 2000 800 
0 m 100 ao 1000 sooo 4000 2000 8000 
® A second inoculation of 2x105 bacteria was made on this day 
Table E. Distribution of deaths of cortisone treated female mice of the S strain 
after inoculation of 2x10^ typhoid bacteria. The subcutaneous cortisone 
injections were made one day before intraperitoneal inoculation of 
S. typhlmurium. 
Cortisone Days after one typhoid inoculation 
Sur-
dose 4 5 6 7 S 9 10 11 12 13 14 15 16 17 la 19 20 21 vived Total 
2 mg. 0 4 2 2 5 7 4 3 1 2 1 0 1 0 0 1 0 0 3 36 
4 mg. 11 12 9 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 
Table F. Distribution of deaths of control and eortisone-treated female mice of 
seven strains dtiring S. typhimorimm infection. Each treated mouse was 
given an injection of"! mg. cortisone acetate one day before the 
inoculation of 2x10^ bacteria. 
Strain Treat- Days after one typhoid inoculation Sur-
ment 2 3 4 5 6 7 ^  9 10 11 12 13 14 15 16 17 16 19 20 21 vived Total 
s Control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 42 42 
Cortisone 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 39 42 
SI Control 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 21 24 
Cortisone 0 0 2 3 3 4 4 2 1 1 0 2 0 0 1 0 0 0 0 0 1 24 
K Control 0 0 0 1 2 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 17 24 
Cortisone 0 0 0 0 1 3 9 a 3 0 0 0 0 0 0 0 0 0 0 0 0 24 
z Control 0 0 0 0 2 0 4 3 4 1 4 10 2 0 0 0 0 0 0 0 33 63 
Cortisone 0 0 3 9 11 31 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 63 
E Control 0 0 2 2 2 0 3 2 1 0 0 0 0 0 0 0 0 0 0 0 10 22 
Cortisone 0 2 12 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 
L Control 0 0 1 1 3 9 B 12 16 10 6 4 0 2 1 0 0 0 0 0 10 S3 
Cortisone 0 16 61 X. 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 83 
Ba Control 0 0 43 57 1$ 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 122 
Cortisone 7 49 64 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 
Table G. Distribution of deaths of control and cortisone-treated female mice of 
the Z strain maintained in tw environmental temperatures after 
inoculation of 2x10^ typhoid bacteria. Each treated mouse was given 
an injection of 1 rag. cortisone acetate one day before the inoculation 
of S. typhimuriuHi. 
Treatment Days after one typhoid inoculation Survived Total 
4 5 6 7 S 9 10 11 12 13 14 15 16 1? IS 19 20 21 
Experiment A 73%- 7gOF 
Control 0 0 0 1 0 2 3 0 0 0 0 0 0 0 0 0 0 0 34 40 
Cortisone 0 3 2 3 5 3 3 0 0 0 0 0 0 0 0 0 0 0 21 40 
Experiment B 70®F - 76°? 
Control 0 0 0 0 2 0 2 1 3 0 0 2 1 0 0 0 0 0 23 34 
Cortisone 0 0 1 1 0 4 3 7 11 2 0 3 1 0 1 0 0 0 0 34 
Experiment C d5°F - 96®F 
Control 0 0 0 1 0 2 11 0 0 1 0 1 0 0 0 1 0 18 26 
Cortisone 2 2 8 13 10 0 0 0 0 0 0 0 0 0 0 0 0 0 26 
Table H. Distribution of deaths of cortisone-treated mice in a thirty day 
period following inoculation of 2x105 typhoid bacteria. 
Days after one typhoid inoculation 
a 
Strain Interval'" 2 3 4 5 6 7 ^ 9 10 11 12 13 15 17 19 21 28 
Sex 
Survived Total 
S" 
male 
K 
male 
»Fal, 
P-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 
P-4 0 1 2 2 1 0 1 0 0 1 0 0 0 0 0 0 2 10 
P-2 1 1 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
P-1 0 2 4 2 1 1 0 0 0 0 0 0 0 0 0 0 0 10 
0 1 1 3 3 0 2 0 0 0 0 0 0 0 0 0 0 0 10 
2 1 0 4 5 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
4 0 0 1 0 2 1 1 1 2 0 0 1 0 1 0 10 
7 0 1 0 1 3 0 1 0 0 1 0 3 10 
14 0 0 1 2 1 6 10 
P-7 0 0 0 0 0 1 2 1 0 0 1 0 0 1 0 0 & 14 
P-4 0 1 0 1 1 0 4 3 2 0 2 0 0 0 0 0 0 14 
P-2 2 3 4 4 0 1 0 0 0 0 0 0 0 0 0 0 0 14 
P-1 1 4 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 14 
0 2 3 4 3 2 0 0 0 0 0 0 0 0 0 0 0 0 14 
2 0 4 2 7 0 1 0 0 0 0 0 0 0 0 0 0 0 14 
4 0 0 1 0 2 1 1 0 1 1 2 1 1 1 2 14 
P-7 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 15 18 
P-4 0 1 0 2 3 5 3 3 1 0 0 0 0 0 0 0 0 18 
P-2 0 3 4 2 1 3 4 0 1 0 0 0 0 0 0 0 0 18 
P-1 1 5 10 2 0 0 0 0 0 0 0 0 0 0 0 0 0 18 
0 3 7 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 
2 0 2 10 2 3 0 1 0 0 0 0 0 0 0 0 0 0 18 
4 0 0 0 0 0 0 1 2 4 4 1 3 0 3 0 18 
Ba"^ 
female 
P-7 0 0 6 6 3 0 0 15 
P-4 0 3 a 4 0 0 0 15 
P-2 0 8 7 0 0 0 0 15 
P-1 1 7 6 1 0 0 0 15 
P-0 1 7 7 0 0 0 0 15 
® Days between typhoid and cortisone injections; the letter P indicates that the 
cortisone injection preceded the typhoid inoc^ation. 
^ Each raotise in this strain received 5 »g. cortisone acetate. 
® Each mouse in this strain received 2 mg, cortisone acetate. 
^ Each mouse in this strain received 1 mg. cortisone acetate. 
Table I. Distribution of deaths of iininune and normal male mice of the S strain 
during mouse typhoid. Each hormone-treated mouse was given a 
subcutaneous injection of 5 mg. cortisone acetate one day before 
inoculation of S. typhimurium. 
Days after one typhoid inoculation 
3 4 5 6 7 8 9 
Stirvived 
Day 
10 21 Total 
5 mg, cortisone 
normal mice 
$ 31 a 0 0 0 50 
5 mg. cortisone 
immune mice 
0 0 49 50 
no treatment 0 
immune mice 
0 0 0 26 26 
